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Computer Science. He is the director of the “Cátedra Santander-UA de Transformación Digital” at
the University of Alicante, devoted to exploring new trends in digital transformation; a member
of the “Smart Learning” research group on Intelligent Technologies for Learning; and co-leader
of GTI4U, an international team of researchers and IT professionals from different universities,
whose objective is to research and promote the implementation of IT governance systems and
digital transformation in universities. His work is in the fields of artificial intelligence, video game
development and gamification, the application of digital technologies to education, IT governance
and the digital transformation of universities.
Rafael Molina-Carmona, Associate Professor: Dr. Molina-Carmona received his B.Sc. and
M.Sc. in Computer Science from the Polytechnic University of Valencia (Spain) in 1994, and
his Ph.D. in Computer Science from the University of Alicante (Spain) in 2002. He is an
Associate Professor at the University of Alicante, and he belongs to the department of Computer
Science and Artificial Intelligence. His research interests and expertise lie in the areas of using
information technologies to transform society and technological innovation. In particular, he
works on the digital transformation of learning, innovation management and Artificial Intelligence
applications in different fields: computer-aided design and manufacturing, computer graphics,
learning, gamification, IT governance and information representation. He is the director of the
“Smart Learning” research group on Intelligent Technologies for Learning: adaptive learning,
learning analytics and predictive systems, gamification, video games and the digital transformation
of educational institutions. He is also the director of the Laboratory of Technological Innovation
in Education, belonging to the Scientific Innovation Unit of the University of Alicante, devoted
to transferring innovations to industry; a member of “Cátedra Santander-UA de Transformación
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Abstract: The aim of this Special Issue is to compile a set of research works that highlight the use
of gamification and other advanced technologies as powerful tools for motivation during learning.
We have been fortunate to obtain a representative sample of the current research activity in this field.
Keywords: gamification; serious games; motivation
1. Introduction
Motivation is the driving force behind many human activities, in particular learning.
Motivated students are ready to make a significant mental effort and use deeper and more effective
learning strategies. Some of the fundamental attributes of learning strategies that enhance
motivation are:
• Experimentation or learning by doing.
• Interactivity and immediate feedback.
• Allow and naturalize the error.
• Give control to the learner.
Numerous studies indicate that playing promotes learning, since when fun pervades the learning
process, motivation increases, and tension is reduced. There is no doubt that the games comply with
the four learning strategies that we have defined: playing is action and, therefore, experimentation and
active learning; without interaction and continuous feedback, there is no game either; trial and error is
the fundamental element thanks to which people learn to play and improve; and it is the player who
maintains control of the game and who decides what actions to take at each step.
From our point of view, games can be very powerful tools in the improvement of learning
processes from three different and complementary perspectives: as tools for teaching content or skills,
as an object of the learning project itself, and as a philosophy to be taken into account when designing
the training process. Each contributions presented in this Special Issue “Gamification and Advanced
Technology to Enhance Motivation in Education” falls into one of these categories, that is to say,
they all deal with the use of games or related technologies, and they all study how playing enhances
motivation in education. In the following sections, we present the papers by establishing a thread that
provides integrity to the Special Issue.
2. Games as Teaching Tools
The first group of papers consists of five contributions, in which the use of games to train students
in different contents or skills is proposed. The first three papers present three serious games as tools
for the teaching of subjects related to economic activity and the history of lunar explorations, in all
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cases with the motivation of the students as the main focus. In the fourth article, a serious game is
complemented by other technological tools, in this case to develop the collaborative capacities of
a population for the urban transformation of its environment. The last article in this section has a
somewhat different, but related objective, as it attempts to analyze the attitude of teachers towards the
use of games in the classroom.
The work of Teresa Rojo, Myriam González-Limón, and Asunción Rodríguez-Ramos [1]
studies the use of a serious game, BugaMAP, for university teaching about insurance and evaluates its
potential both objectively and subjectively. To do so, the authors propose a student opinion questionnaire
evaluating the BugaMAP game (subjective evaluation); and the analysis of the patterns of the gamification
of learning contained in the game (objective evaluation). Several variables are considered about aspects
such as narrative, decision-making, short-term and long-term objectives, gifts for efforts, quick and
clear responses, uncertainty, assistance, learning from decision impacts, and interaction with other
players. Very valuable conclusions are obtained: a high satisfaction of the students with the knowledge
acquired using fun and social interaction; the important role of the university professors and the
company monitors; and the benefits of the company-university collaboration.
Zoltan Buzady and Fernando Almeida [2], for their part, present a serious game as a tool to acquire
skills and abilities. FLIGBY is a serious game, which allows students to develop entrepreneurship
skills in an immersive way based on real challenges that can be found in business environments.
The authors propose a simple, but very effective quantitative approach to assess the success of FLIGBY
adoption. They conclude that by using FLIGBY, students are able to train their skills in a wide range
of domains like gathering information, motivating employees, training their emotional intelligence,
and establishing social dynamics in a corporate environment. Two benefits are highlighted in the
paper: (1) this informal teaching method based on a serious game allows students to increase technical
skills in the field of management and entrepreneurship and also allows them to develop essential
soft-skills; and (2) the authors have detected the arousal in other higher education institutions of the
desire to include serious games as a complementary activity to formal teaching methods.
Creating a serious game about a mission to the moon and evaluating the use of Virtual Reality
(VR) with respect to usability and engagement are the focus of Lizhou Cao, Chao Peng, and Jeffrey T.
Hansberger’s contribution [3]. In this work, they design and implement a serious VR game that
immerses players into activities of lunar exploration missions in a virtual environment. They study the
usability and engagement of the game through user experience in both VR and non-VR versions of the
game, through the use of the Game Engagement Questionnaire (GEQ) and an interview questionnaire
to measure levels of engagement. The experimental results show that the VR version of the lunar
roving game took longer for participants to finish, but enhanced the game engagement and their
motivation to learn the events of lunar exploration.
The work of Teodora Iulia Constantinescu and Oswald Devisch [4] also analyzes the use of serious
games (and other technological tools), but in this case, with a different nuance. Specifically, the authors
study how these tools enable collaboration between groups, in other words, how they contribute to
training people to be able to collaborate, all within the context of actions to transform an urban area.
To do so, the authors propose a conceptual framework for building capacities, in which the process
and outputs collide with the ideas of choice, ability, and opportunity. The case study looks at one of the
main commercial streets of the city of Ghent, Belgium (Vennestraat), and reflects on a set of enabling
artifacts used to engage proprietors in the capacity-building process. This capacity-building process,
characterized by the idea of space and capabilities, advances a critical viewpoint on issues related to
participatory processes and gives practitioners a set of enabling tools to start a conversation about
complex urban transformations.
Finally, in this section, Marta Martín-del-Pozo, Ana García-Valcárcel Muñoz-Repiso, and Azucena
Hernández Martín [5] propose the creation of an attitude scale that primary school teachers present
towards the use of video games for collaborative learning. In this case, a specific game is not used as a
case study, but rather the opinion of the teachers is sought. The authors argue that for games to be
2
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successfully introduced into children’s education, it is essential that teachers themselves are motivated
to use them. Therefore, they propose to measure the attitude towards these new methodologies among
the teachers, by creating an attitude scale towards collaborative learning with video games. They follow
different methodological steps to make the scale construction possible, such as the analysis of items
and the verification of their reliability, resulting in a rigorous attitude scale of 33 items, with high
reliability, so that the measurement instrument can be considered as useful and valid.
3. Games as Learning Objects
Games can also be the object of the learning process. Although this aspect is better suited to
some disciplines than others, there are more and more areas in which the study of games is not
only interesting, but also convenient. This is undoubtedly true in the case of computer engineering
and similar fields that can use video games as projects to be developed by students. A different
case, but also very interesting, is the analysis of games to study aspects that are an intrinsic part of
video games, such as their interaction, usability, visual design, or the artificial intelligence of their
characters. This is the case of the work of Pedro C. Santana-Mancilla, Miguel A. Rodriguez-Ortiz,
Miguel A. Garcia-Ruiz, Laura S. Gaytan-Lugo, Silvia B. Fajardo-Flores, and Juan Contreras-Castillo [6],
which studies aspects of Human-Computer Interaction (HCI) through the analysis of video games.
From our point of view, this paper makes two key contributions: a proposal for using the design and
evaluation of computer games as a learning tool to teach HCI to undergraduate students; and the
empirical validation of this proposal to explore students’ attitudes with the aim to understand if the
students believe that using video games allows them to learn higher education skills. The experimental
results of the validation process indicate that using video games as teaching method provides the
students with the HCI skills (psychology of everyday things, involving users, task-centered system
design, models of human behavior, creativity and metaphors, and graphical screen design), and more
importantly, they have a positive perception of the efficacy of the use of video game design in a higher
education course.
4. Games as a Design Philosophy: Gamification
Finally, games can serve as inspiration for the development of teaching methodologies that,
without being exactly games, incorporate the philosophy of games, both in their design and in their
learning objectives. This is the case of gamification, which has been gaining momentum in recent years.
Gamification consists of applying the principles of video game design, the use of mechanics and the
elements of a game in any process, beyond the context of video games. The aim is to take advantage of
both the psychological predisposition of people to participate in games and the quality of the game to
motivate and improve the behavior of the participants. Precisely for this reason, due to its motivating
nature, it is the subject of analysis on four of the contributions in this Special Issue, each with a different
point of view. These include a review of the literature on the effects of gamification on online learning,
a case study of gamification in a Massive Online Open Course (MOOC), a guide to the gamification
of learning activities, and a methodology for designing assessment rubrics inspired by the principles
of gamification.
A good way to understand a topic is to review the corresponding literature. That is what
Alessandra Antonaci, Roland Klemke, and Marcus Specht [7] do in their systematic review of the
literature on the effects of gamification in online learning environments. In this study, they identify
24 gamification elements that, combined, produce empirical effects on users’ behavior in online learning
in six areas: performance, motivation, engagement, attitude towards gamification, collaboration,
and social awareness. This contribution is significant, and it is reinforced by the fact that the other
papers presented in this Special Issue are in one of these six areas. The findings of this literature review
point out that gamification and its application in online learning and in particular in MOOCs are still
a young field, lacking empirical experiments and evidence, with a tendency of using gamification
mainly as external rewards.
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The second article in this section, by Oriol Borrás-Gené, Margarita Martínez-Núñez, and Luis
Martín-Fernández [8], fills part of the gap detected in the previous literature review, presenting a
particular case of the introduction of gamification elements in an MOOC and its associated Virtual
Learning Community (VLC), together with a study on the fun and engagement that are achieved
through gamification. The aim of this research is to find out whether, through the application in one
MOOC, with a connectivism approach, of various gamification techniques, which increase motivation
and fun, it is possible to achieve a greater engagement in terms of participation and generate a habit in
the use of the VLC. To do so, a satisfaction survey, based on the validated SEEQsurvey, is conducted.
The results show an increment of active participation and engagement within the MOOC community
in the form of content creation and, especially, greater interaction and the generation of a habit so that
the activity continues once the edition of the MOOC is finished.
The contribution of Francisco J. Gallego-Durán, Carlos J. Villagrá-Arnedo, Rosana Satorre-Cuerda,
Patricia Compañ-Rosique, Rafael Molina-Carmona, and Faraón Llorens-Largo [9] emphasizes the
relationship between video games and gamification. The authors consider that if there are video games
that entertain and engage players in a very remarkable way, it is interesting to study what the design
principles of these games are to try to bring them into a gamification process. Although there is no
consensus on these design principles and much of the success of some video games is due to the
experience and know-how of game designers, it is possible to establish guidelines that can help design
more effective, challenging, and engaging gamification experiences. The guidelines are presented in
the form of a rubric for educators and researchers to start working in gamification without previous
experience in game design. This rubric decomposes the continuous space of game design into a set of
ten discrete characteristics, based on the previous design experience of the authors, compared and
contrasted with the literature, and empirically tested with some example games and gamified activities.
As a consequence, a better understanding of the strengths and weaknesses of gamification and some
tips to help in the design or improvement of activities are obtained.
The last article in the Special Issue is by Daniel Corona Martínez and José Julio Real García [10].
In their work, gamification is used as an inspiration to develop assessment rubrics. They make a
methodological proposal to design educational rubrics to assess students’ experiences of the active
methodologies in secondary education. Their goal is to design better educational rubrics based on
Malone’s game theory and theoretical models of game design. As a main contribution, they propose
a translation from game theory ideas into didactical concepts that can be transcribed and used in a
didactical approach. As a consequence, they propose five main concepts that appear constantly and
repeatedly during Malone’s argumentation: challenge, curiosity, fantasy, design, and environment.
These concepts are used to define the rubric, but instead of a simple translation, the authors apply a
didactic and educational filter prior to proceeding, resulting in the five items that are part of the rubric:
achievement, originality, motivation, design and quality, and relationships and time management.
The resulting evaluation rubric includes a holistic approach to all different aspects related to the
evaluation for active methodologies in a secondary education environment.
5. Conclusions
Playing is a pleasant, motivating human activity from which much can be learned. Teachers can
take advantage of the characteristics of games to impregnate their teaching methodologies and motivate
their students. The interactive features of the games, the action, and the speed strengthens the neurons
and links that are involved in the correct prediction by means of endorphins and dopamine, giving the
player the sensation commonly known as fun. This is how learning and intrinsic motivation occur.
Motivation is one of the key aspects of good instructional design and becomes more important as
the learner takes ownership of the process. In traditional teaching, the teacher in the classroom can
react to the attitudes of the students. However, in online teaching, the interaction between teacher and
students and students among themselves becomes less intense, and the interaction of students with
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learning resources becomes more important. In this sense, designing the learning experience with the
aim of motivating the students will serve both face-to-face and remote teaching.
With the conviction that games, gamification, and other related technologies have this motivating
potential, the call for participation in this Special Issue was made. The selected articles present
innovative ideas, models, approaches, technologies, reviews, and case studies that contribute to
creating a publication of high interest. The Guest Editors of this Special Issue would like to thank the
authors for their great work, which enriches research on gamification and advanced technology to
enhance motivation in education.
Author Contributions: Conceptualization, R.M.-C. and F.L.-L.; writing, original draft preparation, R.M.-C. and
F.L.-L.; writing, review and editing, R.M.-C. and F.L.-L. All authors read and agreed to the published version of
the manuscript.
Acknowledgments: The Special Issue Editors would like to acknowledge the reviewers for their essential
contribution to the quality of the papers.
Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: How could a structured proposal for an evaluation rubric benefit from assessing and
including the organizational variables used when one of the first definitions of gamification related
to game theory was established by Thomas W. Malone in 1980? By studying the importance and
current validity of Malone’s corollaries on his article What makes things fun to Learn? this work covers
all different characteristics of the concepts once used to define the term “gamification.” Based on
the results of this analysis, we will propose different evaluation concepts that will be assessed and
included in a qualitative proposal for an evaluation rubric, with the ultimate goal of including a
holistic approach to all different aspects related to evaluation for active methodologies in a secondary
education environment.
Keywords: gamification; active methodologies; secondary education; evaluation rubric; evaluation
criteria; Thomas W. Malone; game; design; Sebastian Deterding; Nick Pelling
1. Introduction
Gamification (for many students and even for their teachers) seems to be a very enjoyable learning
method, since it consists of playing and having fun while learning, so it is a facet of learning encouraged
by all levels of the educational system. The gamification model has been used for a long time by various
companies, according to the website Wonnova [1], which applies this model to the movie Jumanji.
The corporate idea of gamification has been used to motivate workers and customers to perform
certain actions, for example, to define certain objectives with a motivational goal, to design a plan, to
create game mechanics within the business environment, to develop a sense of belonging, or to design
a company’s motto.
From an educational point of view, gamification is not a new strategy, as game concepts have
been used to motivate, stimulate, and impart content ever since the schooling system’s early times.
The use of these game elements will not only be performed during the early childhood educational
stages, as these playful experiences can be enjoyed regardless of age and whether or not it is clear that
present educational elements are embedded on these strategies.
Another aspect that should not be forgotten within this educational aspect of the concept is its
possible influence over the evaluative stage of learning. When performing different methodological
strategies, it is crucial to evaluate them in different ways. There are various recent examples for
these “alternative” evaluations [2,3]. As an example of other papers covering this topic, Munuera and
Ruiz express that the use of these concepts related to game theory could “allow [one] to generate a
motivating environment to knowledge, as you can instantly know the evaluation of the contents and
[the] student´s level of assimilation of them” [4].
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In addition, it is interesting to state that there are some controversies among authors as to whether
gamification will be framed within the context of behaviorism’s paradigm. According to Borrás [5],
the most dangerous theoretical aspects that behaviorist gamification could present are as follows:
1. Manipulation: In some gamification approaches, some ideas have clearly been put in place to
influence students to choose specific paths, distorting students’ right to free will (i.e., the idea of
providing better or worse badges depending on the chosen strategy within a gamified activity).
2. Hedonic Treadmill Reinforcement: This idea poses a serious risk to more idealistic approaches to the
gamification concept. There is a risk that, if individuals only act when there are rewards, they will
reach a point where they might not continue playing if there are none. Based on this approach, it
appears to be evident that it will be necessary to avoid using these gamification activities where
the only goal is obtaining rewards, essentially because, by doing so, students might lose their
motivation, the pleasure of obtaining a greater reward, or their will to fulfill a greater objective
after obtaining these immediate gratifications.
3. Overemphasis on Status: Our state or position with respect to others is a very motivating element,
as we, as humans, carry out actions to improve our own status. However, if the system only
focuses on these elements, it can lead to demotivation (i.e., knowing that we will never be able to
reach the first position in a gamified activity). Even more pertinently, many people do not feel
this need of being recognized. This is a common error in gamification, as teachers will not focus
on status alone.
The real methodological danger is over-focusing on prize searching, as this could deeply distort
students’ whole approach to learning process. According to what has been expressed (and taking into
consideration that one of the main theoretical objectives in this paper is to avoid all commodification
and reification related to gamification), a series of research questions have to be described and discussed
throughout this paper:
• Could learning be improved by using gamification strategies?
• If so, how will this be reflected in students’ performance?
• What is the cost of this learning? Can teachers take advantage of a new proposed
evaluation method?
The main objectives of this work are clearly linked with the three questions expressed above.
Based on our teaching experience, there will be a methodological proposal to design educational rubrics
to assess students’ experiences of the active methodologies in secondary education. By proposing this
model, we intend to justify the advantages of gamification when it comes to motivating students and
thus achieving an applicable and meaningful learning process for all parts involved. This paper will
start with some common background related to the term “gamification,” to then continue with the
proposed method. After presenting it, there will be a discussion where we will discuss the implications
of a holistic evaluation for the students involved in the process, followed by the conclusions.
2. Background
Over the years, there have been many different attempts to define the term “gamification.”
Although this paper will cover some of the most consistent attempts to define this idea, it has been
hard to agree on a certain definition that will cover all of its complexity. Besides this, the term has been
gaining momentum over the years, as more and more teachers and educational academics have been
focusing on understanding and explaining how this specific term could be used to help to bridge the
gap between a more conservative approach to education and the rise of active methodologies and its
epistemological approach to teaching.
Based on the information stated in Figures 1 and 2 from Google Trends [6], the rise on the interest
in the educational field began in September 2010 with the first significative result over 1 search per
month. Since then, search results started to rise. This search result remains steady in an average of
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75 searches per month, always descending during school vacation periods (Summer and Christmas).
When a search term is compared with others from the same educational innovation field, such as
project-based learning, the results are quite similar, even on their distribution throughout the year.
Figure 1. Google search results for “gamification” (blue) since 2004 [6].
Figure 2. Google search results for “gamification” (blue) vs. “project-based learning” (red) since
2004 [6].
Even though project-based learning has appeared in internet searches since the very beginning
of Google Trends’ data collection, it seems as though gamification has not aroused interest until late
into the 2010s (in fact, the first time that the term reached 25 searches per month was in December
2011). It seems as though the interest in this discipline has a clear connection with some of the most
relevant moments in the history of gamification’s definitions and most of its trending moments. To
ensure a proper understanding in the development of the term and its didactical sphere of influence,
the following classification will provide a more in-depth description of gamification’s most relevant
and influential authors:
1) September 1980: Thomas W. Malone at Palo Alto Research Center wrote a slightly revised version
of his Ph.D. dissertation submitted to the Department of Psychology at Stanford University. In his
document What makes Things Fun to Learn? A Study of Intrinsically Motivating Computer Games [7],
he defines various concepts related to game theory that later on will be used and recycled by
other authors to define the term “gamification.” Even when Malone did not coin the term, he
made all the theoretical work to ensure that a new innovative framework could be generated
where motivation would be at the central spot for computer game’s users and game theorists.
This work will be discussed in-depth throughout this article.
2) Late 2002: Nick Pelling, an English Computer Engineer and Game Developer coins the term,
initially with the goal of developing a new way of dealing with transactions and activities
on commercial electronic devices. In Pelling’s own words, the goal was to “apply game-like
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accelerated user interface design to make electronic transactions both enjoyable and fast.” [8].
Even though the coining of its definition did not boost users’ interest, this first definition was
crucial for the later development of the discipline.
3) March 2011: Two months before Sebastian Deterding, defined by some authors as “one of the
most influential thought leaders in the area of gamification” [9], Zimmerman & Cunningham
defined gamification as “the process of game-thinking and game mechanics to engage users and
solve problems.” [10]. It was a significant definition as it shows, for one of the first times in
history, the relation between game-thinking and problem-solving.
4) May 2011: One of the most relevant papers related to the actual definition of gamification was
Deterding et al.’s From Game Design Elements to Gamefulness: Defining “Gamification,” which in
May 2011 provided one of the most shared definitions of gamification, stating the term as “the use
of game design elements in non-game contexts” [11], receiving broad support with 102 citations
on June 16, 2013 [12]. One of the reasons why Deterding´s paper became so influential is thanks
to two specific factors: first because of the simplicity of his definition and second because of its
good assessment of where to place the term in the game vs. play conceptual framework, where
gamification is shown in a partially-related-to-gaming sphere of influence; furthermore, the
author uses a very graphic explanation to describe its definition [11]. This made Deterding et
al.’s definition the most widespread definition still in use.
5) August 2011: Finally, on this race to define (and own) the growing influence of this term, research
and advisory American founded company Gartner defined gamification as one of the emerging
technologies for their Hype Cycle in 2011 [13]. This tool is meant to provide help to strategists
and planners with an assessment of the maturity, business benefit, and future direction of some
of the top technologies in the world [14]. As can be seen in the next image, gamification is
highlighted as one of the most interesting emerging technologies. Based on Dicheva et al., in 2013,
the expectation for reaching the productivity plateau was five to ten years [15]. This position,
however, reflected mainly its use in business contexts. Penetration of the gamification trend in
educational settings seemed still to be becoming increasingly substantial, as indicated by the
amount and annual distribution of reviewed works.
As exposed, and based on the evidence from past papers, some of the most relevant moments
were in 2011, when three of the most relevant and influencing authors came together, boosting the
expectancy related to the term and its academic and business use.
The reason why, in this paper, focus will be put on Malone’s theories despite others with higher
repercussion is simple. First, many other authors have tried to define gamification in different fields
such as online software, idea competitions, citizen science, marketing, and many more [16–20], but
most of these have focused on defining the concept from an economically driven point of view, as their
proposals were deeply related to game design and user experiences in video games and computer
science [15].
However, the term has been gaining much more relevance in fields such as consumer marketing
and computer user interfaces. This has led to a businessification of the term “gamification,” leaving
the term empty of its educational goal in many ways. Exactly when the term started becoming
increasingly relevant in the educational field, gamification as a concept was increasingly used in fields
with a growing economy and plausible investment implications. This has led to a situation where
the concept often “feels” out of tune with its original game-theory-related meaning. It has become a
floating signifier. Even in actual education, the term seems to be defined as a floating signifier, as it is
sometimes being used to push economical goals under the educational innovation idea framework.
This is not the case of Thomas W. Malone’s Ph.D. dissertation objectives. In his thesis, Malone’s
goal is to find a game theory (and, of course, a model for that theory) that will allow games to be
playful, desirable, motivational, fun to play, and enjoyable. The most relevant part of Malone’s thesis
for this paper is how these ideas could fit into a more educational approach to the term. In fact, after
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reviewing the most significant contributions throughout history, the various reasons why this article
will be focusing on Malone’s theoretical model are reinforced, especially from a modeling point of view.
By proposing a methodology whose main goal is to design better educational rubrics (based on
Malone’s game theory and theoretical models of game design) to assess students’ experiences of the
active methodologies in secondary education, the final objective is to realize the gamification concept
with a more didactical (and enjoyable) meaning and to help to apply these ideas in modern innovation
in education.
Apart from this main goal, other secondary goals on this paper are as follows:
a) to ensure that a clear review of the term “gamification” and its origins is taken into consideration
when proposing a new evaluation rubric;
b) to use Malone’s ideas and their relation to cover, from a holistic point of view, all aspects related
to the evaluation of classes of active methodologies;
c) to propose a translation from game theory ideas into didactical concepts that can be transcribed
and used in a didactical approach;
d) to discuss and propose the expected results of the theoretical experiment so as to increase their
use for educational purposes;
e) to make conceptual valuable enjoyment the central paradigm of the gamification ideal.
3. Method
In order to make sure that Malone’s ideas in What makes Things Fun to Learn? A Study of Intrinsically
Motivating Computer Games [7] are used in a way that will help to build a new didactic paradigm
related with evaluation rubrics, this article will present a conceptual map based on all of the ideas (and
connections between them) that the author used in the revised version of this Ph.D. dissertation. After
reviewing all main concepts, the most relevant concepts from Malone´s theory will be introduced to
design an educational rubric that can be used to assess and evaluate any kind of active methodology
experience for students in different educational environments.
To clarify all concepts related to Malone’s theory, a conceptual map will be presented in order to
increase understanding of Malone’s brilliant Ph.D. dissertation.
Based on Figure 3’s conceptual map, there are clearly five main concepts that appear constantly
and repeatedly during Malone’s argumentation: challenge, curiosity, fantasy, design, and environment.
These will be the five concepts that will be used to define the rubric. Of course, this will not be
done by simply translating these concepts and/or copying them into it, as a didactic and educational
filter must be applied prior to proceeding. In order to make this possible and to make it an appealing
tool for any teacher interested in using it, it is crucial to define which definition of an educational
rubric will be used in this paper.
A rubric could be defined as “a scoring guide used to evaluate the quality of students’ constructed
responses” [21]. It is clearly an attempt to set expectations and to define an evaluation structure to
advise the student in advance or during an assessment activity. In order for the teacher to do so, the
rubric must contain at least two dimensions that will be used to judge students’ performance, each of
them with definitions and/or examples that will clarify the scale of values that will be used to evaluate
each dimension. Additionally, standards of excellence for specified and holistic performance levels
will be included. The most typical example of the rubric has the shape of a grid.
Once all definitions have been settled, the evaluation rubric based on Malone´s conceptual map
can be defined. Taking into consideration all variables, there will be two dimensions: one based on
all the different holistic criteria on which students will be evaluated and another where performance
levels will be included.
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Figure 3. Conceptual map of Thomas W. Malone’s Ph.D. dissertation (source: personal elaboration).
Performance levels will be evaluated based on quartiles, as it is the best mathematical way to
understand the spread of a data set. Even when other alternatives could be considered (such as
dividing the final grades into pass/not pass or dividing into quintiles), we consider this as the most
realistic way to split student’s qualification, as it clearly marks the distinction between the passing
point (50%) and another “quality” measurement within the pass (75%) and not-pass (25%) grades,
making it a very good tool to understand where each of the students lie within this evaluation ladder:
1) Q1 (bottom 25% of the total): This quartile will define the lowest performance level possible for a
given variable. This quartile will be given to students that are substantially underperforming
based on their capacity and the teacher’s evaluation.
2) Q2 (bottom 50% of the total): This quartile will define the second lowest performance level possible
for a given variable. This quartile will be given to students that are below performance. Students
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falling under this quartile will be evaluated as fulfilling the most basic objectives for a specific
variable, always based on the individual student’s capacity and the teacher’s evaluation.
3) Q3 (top 25% of the total): This quartile will define the second highest performance level possible
for a given variable. This quartile will be given to students that perform satisfactorily or even
slightly remarkably for a specific criterion.
4) Q4 (100% of the total): This quartile will define the highest performance level possible for a given
variable. This quartile will be given to students that have an outstanding performance.
The criteria for evaluating active methodology experiences in class will now be defined. Five
criteria were chosen, because this amount will most likely help us cover all crucial factors to be adapted
from Malone´s game theory and make the final grade easily calculable. To provide an example, the
Faculty Innovation Center at The University of Texas at Austin [22] provides a guide to determining
criteria to assess student work as follows:
a) Decide which of those criteria are “non-negotiable.”
b) Ideally, your rubric will have three to five performance criteria.
c) What are the learning outcomes of this activity?
d) Which learning outcomes will be listed in the rubric?
e) Which skills are essential at competent or proficiency levels for the task or assignment to be complete?
f) How important is the overall completion of the task or project in comparison with other factors?
Thus, based on all of the above, it is necessary to define the five criteria that will be included in
our evaluation (usually these activities will be performed by groups of students, so even when these
criteria will be evaluated individually, they will also need to reflect the didactical approach to a group
organization). Based on Malone´s ideas (from Figure 3), each of his concepts will be redefined to match
the educational goals of practicalizing gamification in a more didactical way. Therefore, the following
criteria will be defined:
• Challenge: The concept of challenge is one of the most interestingly exposed by Malone. The author
defines it as one of the main characteristics of intrinsically motivating environments for games [7].
He defines four main variables that define how challenge is presented to the user and achieved in
game. When these criteria (difficulty level, multiple goals, hidden information, and randomness)
are put together, they place a substantial weight on defining both settled goals and performance.
This is the reason why, when translating this into a more academical/didactical approach, there
will be a connection between goals, performances, and achievement perceptions, both from the
teacher’s and the student’s perspective. By evaluating achievement, the student will be evaluated
on the following:
 how well the activity challenge responds to the student’s idea of what an intellectual
challenge will look and feel like;
 how optimally the innovative activity is able to provide, within the group of students,
different difficulty levels for the same challenge;
 how the group will react to the challenge from an achievement perspective, given the
fact that students will know how they will be evaluated prior to starting the activity in
the classroom.
• Curiosity: Throughout his study, Malone uses many different references that are quite useful in
defining the concept of curiosity that he uses. A good example related to games is the one from
Ellis and Scholtz where they proved that “novelty was very important in determining which toys
a child began playing with” [23]. Malone makes use of these ideas: “The kind of complexity or
incongruity that is motivating is not simply a matter of increased information ( . . . ) Rather it
involves surprisingness with respect to the knowledge and expectations a learner has.” Based
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on these explanations, there is a clear relation between novelty, “surprisingness,” and curiosity.
For the sake of performing a holistic didactic evaluation in the rubric, the best way to assess
these ideas in students is to use the concept of originality, as by stating this goal students will be
evaluated (by the teacher and/or other students) on the following:
 how well the activity challenges students when firstly confronted with the idea to be
developed, as the goal is to make an activity that will “oil the wheels” of their brains and
that preserves the whole creation process as much as possible;
 how many surprise elements are embedded into the activity, the extent to which the teacher
can add elements of incompleteness, inconsistency, and unparsimoniousity in class to
make their students reflect about their work;
 how original (without losing a sense of quality for the final content) the final “product”
presented by the group of students is and how each of them has contributed to it from an
individual perspective.
• Fantasy: The author differentiates deeply between intrinsic and extrinsic fantasy. He writes: “In
an extrinsic fantasy, the fantasy depends on the user’s use of the skills but not vice versa. Most
extrinsic fantasies depend on whether or not the skill is used correctly (i.e., whether the answer is
right or wrong). ( . . . ) In intrinsic fantasies, on the other hand, not only does the fantasy depend
on the skills, but the skill also depends on the fantasy. ( . . . ) In intrinsic fantasies, the event in
the fantasy usually depends not just on whether the skill is used correctly, but on how its use
is different from the correct use.” [2]. Malone ends his dissertation recommending the use of
intrinsic fantasies for games.
Taking these ideas into the cognitive aspects of fantasy, Malone cites Petrie [24] claiming that
“some kind of metaphor or analogy is epistemologically necessary for anyone to ever learn
anything radically new because new knowledge can only be comprehended in terms of old
knowledge.” Malone continues with the most crucial part of his argumentation saying: “The final
cognitive advantage of intrinsic fantasies is simply that, by provoking vivid images related to the
material being learned, they can improve the memory of the material.” When translating this into
the objectives of this paper, it is clear that the author speaks about two specific terms: intrinsic
fantasies (and their relationship with students’ skills) and the necessity to use metaphors and
analogies to build memory-based knowledge. The best way to connect both interesting ideas for
the learning process (skills and memory) is through motivation. Motivation is the central idea that
Malone wants to assess when writing his dissertation, and it is the quintessential idea related
to fantasy. When exposed to an intrinsic fantasy (in the form of an activity) that will react to
students’ skills, they will be able to see that the level of skills required for them (as a group and as
an individual) is adaptable to what they are supposed to be doing, and this will boost motivation
within the group, as they will feel that they have the skills (or are about to acquire them) to
solve the problem. Additionally, by provoking vivid images related to the material being learned,
students are confronted with a problem that provokes an emotional reaction. This will allow the
teacher to evaluate both their emotional and memorial response on their final assessment. Based
on this motivation idea, students will be evaluated based on these criteria:
 how intrinsic the reaction from the students is and what emotional response occurs in the
class as a whole when presented with the idea of the activity;
 how the proposed activity will boost motivation in the students by including all different
kinds of game elements into it (such as vivid images, riddles, and metaphors);
 how the activity’s requirements will affect student’s motivation.
• Design: After evaluating the three main categories that shape Malone´s game theory (challenges,
curiosity, and fantasy), he proposes that the conjunction of these three categories result in two
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criteria that determine the factors of the game structure: instructional design and a dynamic
environment. The meaning of the first category was transformed into a more practical approach
by calling it organizational design & quality. Students will be evaluated not only in the three
criteria mentioned before but also in their resolution in relation to the presented final product. In
other words, games are evaluated in their design by studying how different variables interact with
one other, making the game more or less attractive, and the student’s work during the activity
will be evaluated similarly. It is critical that an element of quality and design is included into
the rubric, as this is a more “traditional” method of evaluation, and it should also be part of this
holistic, yet innovative proposal. Students, for this paragraph, will be evaluated on the following:
 how well the activity covers all objectives from a teacher’s perspective;
 how well the students respond to the organizational challenge of writing, searching
for information, and preparing to present work in front of the teacher and the rest of
the students;
 how many high quality standards (specified for each and every activity) students have
been able to fulfill during the planning and presentation phase.
• Environment: The second determining factor for Malone is a dynamic environment. Malone
defines how the environment should respond to the user’s activity in many ways, but one of the
most relevant for this study is that “an environment should be both responsive to the learner´s
activities and helpful in letting him take a reflexive view of himself.” [7]. This, in relation with a
more pedagogical approach to game theory and taking into consideration all possible variables
related to the actual consecution of objectives and goals for the students, could be defined as the
fifth and last criterion: relationships & time management. Environment, as it will be understood
in this study, refers to surroundings that affect the individual student when working on a specific
activity. As these activities students are often settled upon different groups, it is imperative to
include a “social factor” within the rubric, to ensure this determining angle is not left apart. Time
management is also an extremely interconnected factor with relationships between the members
of a group when performing together, so it is also included for the sake of generating a full-holistic
evaluation. For this specific criterion, students will be evaluated on the following:
 how smoothly the activity is conducted during the definition and execution phase, and
how well the activity was shared and presented in front of the other students;
 how “on time” the activity is presented and whether students have respected all deadlines
for the activity;
 during presentation in class, how respected the time given to them as a group is and how
well individual responsibilities are met (who is the leader or acts like one?)
All criteria have been defined for the evaluation rubric, so here we define it as follows on Table 1.
Some common descriptive terms to indicate a progression from the Faculty Innovation Center at The
University of Texas at Austin [22] have been used to model this rubric.
In the example shown above, the theoretical student would achieve 80% in this activity; out
of 20 possible points, he/she would achieved 16. Students must know before starting any activity
on which aspects will they be evaluated and how this evaluation will affect the rest of their unit’s
evaluations. By using this tool, teachers will be able to use game theory ideas to evaluate from a
comprehensive point of view, all factors that will be taken into consideration when proposing, from a
teacher’s point of view, any kind of activity related to gamification and other active methodologies.
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Table 1. An example of a qualitative proposal for an individual evaluation rubric based on Malone’s
corollaries (source: personal elaboration).
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RUBRIC GRADE 4+3+4+3+2 = 16/20
FINAL GRADE 80%
4. Discussion—Expected Results
Based on the working hypothesis, and always taking into consideration the goal to assess a
qualitative initiative from a theoretical perspective, the results of designing this rubric could provide a
very well-structured answer to the debate of ensuring that a proper evaluation is performed when
deciding to work with any kind of innovative methodology.
It is necessary to highlight that, apart from proposing evaluation percentages for each of the
rubric’s criteria, it is crucial that, based on the future results of this proposal, how the didactic unit
percentages will reflect these activities’ weight in the total weight of the evaluation process can
be evaluated.
The evaluation process will be composed of several percentages for all of the classroom and
homework’s activities proposed to the students—it will be a mix of rubrics and other evaluation
materials or even a mix of different rubrics. Based on this idea, some authors have proposed in
previous studies [25,26] various alternatives for the final share of this percentage sharing. Based on
the idea embedded throughout this paper, defending the idea that the final evaluation of the student
must be as holistic as possible and must entitle students to be positively evaluated if they can prove
to be sufficiently prepared in different evaluation aspects such as exams, homework, classwork, and
activities of active methodologies, the teacher´s evaluation method must include all of these different
projects to ensure that proper objective evaluation is performed.
As a matter of exampling, the percentage sharing exposed here will be based on our own teaching
experience and evaluation system. Considering 100% as the total available grades for a specific unit,
students will be evaluated as follows:
A. 35% based on the rubric: Out of the 100% final grade for a specific unit, 35% will be based on
the final grade obtained in the rubric.
B. 35% based on exams: This percentage will include all questions on the partial exams (if
applicable) and the final exam. These exams must include various different questions (test-type,
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explanatory, etc.) so that all possible “classic” didactic criteria will be assessed by answering
these questions.
C. 30% based on classroom performance and homework: All classroom and homework activities
(taking notes, reviewing exercises, class participation, volunteering, etc.) must be considered
in the evaluation and must be weighted equally with the rest of the activities that students will
perform throughout the unit.
The implications of this holistic approach will be considered in the broadest context possible,
especially considering that 65% of the final evaluation of all the students will be based on their
day-to-day classroom/home performance and their ability and knowledge expressed and evaluated
through the rubric. Additionally, by proposing this “equally-weighted” evaluation for these three
criteria, it is expected that all actors involved in the educational process will understand the message
that teachers are sending: grading must be a matter of evaluating consistency instead of just giving
value to remembering what you have been instructed to write down on the exam day. This way it
could be ensured that, as an expected result, educational grading systems will start to reflect more
accurately the real effort that students are putting into the learning process.
Based on all of the above, and for the sake of discussing the research questions after presenting
the method used in this investigation, the main questions of this paper could be answered as follows:
• Could learning be improved by using gamification strategies?
It is clear that the proposed method can only be improved when measurements are applied to
it. This is the reason why ideas such as achievement, originality, motivation, design, and quality
must be evaluated in a structured way that will allow teachers and facilitators to improve them
throughout the student’s school cycle.
• If so, how will this be reflected in students’ performance?
Students’ performance will be strongly affected by this new proposed method of evaluation, as
up to 65% of their performance will depend on activities that will reflect their improvement on
the above-mentioned concepts. This will allow students with a good attitude and a will to learn
but with a bad performance in the “one opportunity” approach to perform better. Many of these
students, for various reasons, might not perform well on the “100% exam” approach, but they
might do better if 65% of their grades are based on a holistic approach.
• What is the cost of this learning? Can teachers take advantage of a new proposed
evaluation method?
The most important factor to take into consideration when proposing these activities to teachers
is to assure them that, by “moving” into this new proposal, their workload not only will not
increase but will eventually be reduced. Thus, in this regard, the cost is very low. By using this
approach with rubrics, teachers can reduce evaluation time, as they can evaluate while students
are presenting their work. Teachers could even store these tools virtually in any kind of device,
making the evaluation process much smoother and available in multiple platforms. This is the
main reason why teachers will take advantage of these new proposals.
5. Conclusions
The main conclusions of this work are aligned with student’s learning enjoyment, the idea of
conceptual valuable enjoyment, and the creation of an interactive framework to achieve improvements in
the teaching–learning process.
As discussed throughout this article, gamification greatly enhances both cooperative and
collaborative learning. Both the teacher and the student must change the role they play so that
the student becomes the real protagonist of their own learning and the teacher plays a role of the
facilitator of this process. By abandoning the traditional framework of the teacher being exclusively
responsible for disseminating content to become a guide or reference, which is able to help the student
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to find its own way, teachers will help to develop a much more enjoyable and profound learning
process for his/her students.
In the same way, gamification processes must facilitate student’s interactivity with their peers,
as in many situations they need to cooperate between them to find a solution to various proposed
problems. This, at the same time, aligns very well with other relevant learning initiatives, such as
problem-based learning and project-based learning, which opens a space of collaboration between
heterogeneously interactive active methodologies.
Based on all of the above, two ideas will be considered basic and transversal to this proposal:
• Humans enjoy learning in general and are able to learn while enjoying.
• The final main idea is to take advantage and recognize the potential for gamification to be
implemented in a framework that allows, in many cases, to rethink the game.
The theoretical and practical impact of this study could be best understood when taking into
consideration the junction between these two transversal ideas and the four main research questions
expressed and discussed throughout the paper. The implications of turning gamification theory into a
practical tool (evaluation rubric) that could be used in many different evaluation activities could be
diverse, especially thanks to its cross-cutting approach. It is expected that this impact will be better
measured when implementing these tools in a real secondary class environment.
This is the reason why, as a proposal for potential prospective studies, it would be very interesting
to investigate how the use of gamification improves motivation in students from a practical point of
view. Additionally, it would be significant to highlight the possibility of developing this rubric based
not only on Malone´s corollaries but also on other interesting authors such as Deterding et al. [11].
Furthermore, it could also be thought-provoking to propose other different frameworks that would
put at teacher’s disposal more resources (i.e., visual and interactive models) that might better adapt to
different learning styles. The next learning paradigm will be in connection with these ideas.
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Abstract: Human-computer interaction (HCI) is an area with a wide range of concepts and knowledge.
Therefore, a need to innovate in the teaching-learning processes to achieve an effective education arises.
This article describes a proposal for teaching HCI through the development of projects that allow
students to acquire higher education competencies through the design and evaluation of computer
games. Finally, an empirical validation (questionnaires and case study) with 40 undergraduate
students (studying their fifth semester of software engineering) was applied at the end of the
semester. The results indicated that this teaching method provides the students with the HCI skills
(psychology of everyday things, involving users, task-centered system design, models of human
behavior, creativity and metaphors, and graphical screen design) and, more importantly, they have a
positive perception on the efficacy of the use of videogame design in a higher education course.
Keywords: learning by doing; serious games; game design; human computer-interaction; HCI education
1. Introduction
Human-computer interaction (HCI) courses often use the curriculum of the Association for
Computing Machinery Special Interest Group on Computer-Human Interaction (ACM SIGCHI) as a
foundation [1]. As reported by Greenberg [2], this curriculum should not be used directly when it
comes to an individual course within a career, rather as a complete curriculum to train HCI specialists.
In the software engineering program in the School of Telematics at the University of Colima,
HCI is an individual course taught in a project-based approach to engage students in research of real
problems [3], thus providing students with the basic knowledge of HCI and the different areas that
converge in this field is ideal. Computer games (also called video games) are a rich opportunity to
bring this approach into a traditional HCI course.
In this paper we present two main contributions: first, we present a proposal for using the design
and evaluation of computer games as a learning tool to teach HCI to undergraduate students, and,
second, we provide an empirical validation of this proposal to explore students’ attitudes to understand
if the students believe that using video games allow them to learn higher education skills. The objective
of this research was to explore HCI students’ perceptions regarding the use of game design to acquire
the needed skills in the subject, and the research question that we aimed to answer was: does the use
of videogame design improve the students’ perception of their learning?
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2. Teaching Human-Computer Interaction
A report published by Hewett et al. [1], in addition to giving a formal definition of human-computer
interaction, proposed a syllabus and contents for HCI courses in which students could understand
the multidisciplinary nature of the field, leaving an open range of topics that interact in the academic
training in HCI.
Many years have passed since the publication of that report and the research in the area has grown
a lot. However, until recent years, the conclusions were the same. As Churchill et al. [4] states, there is
still no agreement on the range of topics that integrate the area and on how to teach HCI courses,
how much fundamental theory must be presented, and how much practice students should perform;
there are divided opinions about it, and they are investigating the philosophies and best practices to
update the ACM 1992 curriculum proposal and support the present and future of HCI education [1].
Despite the lack of agreement on the percentages of theory versus practice, there is a point where
most converge since that first report [1]: the development of human-computer interfaces is a matter
of engineering and design, and, the subsequent learning of theoretical content, is enriched with the
cooperative experience and can advance to a more mature level when students are required to solve
the problems of real-life projects. Hartfield et al. [5] also mentioned that a combination of readings,
classes, and written assignments is appropriate for teaching topics such as solutions to typical design
problems and theories of human skills that are related to HCI; however, they also considered that these
activities do not help HCI students to acquire practical skills in the design of technological solutions,
and recommended hands-on exercises be carried out with real projects so students can learn by doing,
as suggested by Pastel [6]. His work also mentioned that learning through real projects in collaborative
groups is becoming the standard for the teaching of the HCI, and he made the observation that the
students prefer this method of teaching since they can learn by doing and carrying out a meaningful
project with their projects designs. Pastel [6] also made an essential contribution by adding research
techniques to work, this was because, as he mentioned, there is a significant similarity between the
scientific research process and the software development process. In addition to being research projects,
students can use unique HCI devices or implementations.
Lorés et al., Koppelman et al., Reimer et al., Solano, and Urquiza-Fuentes et al. [7–11] also
used a combination of theory and projects with real-life applications using user-centered design
methodologies. In fact, Lorés et al. [7] combined the teaching of formal content with the development
of a real-life project in a compulsory course within the HCI curricula at the University of Lleida (Spain).
The work of Koppelman et al. [8] consisted of providing projects with a realistic context, inviting
people from industry to serve as clients for the student projects and allowing teams to evaluate their
designs with real users. Reimer et al. [9] used the studio-based approach to teach competencies in
designing interactive objects in an HCI design studio course. Solano [10] presented an analysis of the
teaching experience in an HCI course at the Universidad Autónoma de Occidente of Colombia and
identified that problem-based learning is a good way to construct knowledge in real scenarios that can
be improved. Urquiza-Fuentes et al. [11] presented a study to test the effect of using practical exercises
in a human-computer interaction course, and they found that realistic projects are a viable approach to
teach HCI and that students involved in this approach are significantly more motivated.
On the other hand, as mentioned by Serrano-Cámara et al. [12], it is essential to keep the students
motivated, especially in generating intrinsic motivation [13] (which refers to doing something because it
is inherently interesting or pleasant) because motivation is a central factor in learning and, as mentioned
by the authors, improves results in knowledge and creativity. Urquiza-Fuentes et al. [11] suggested
that collaborative learning encourages the use of high-level cognitive strategies, critical thinking,
deep learning, deep understanding, and positive attitudes towards education and teamwork, according
to the research that real-life project development combined with collaborative learning approaches
keeps the students motivated; therefore, it turns out to be a positive strategy for teaching the HCI.
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3. Learning with Games
The last report from the Entertainment Software Association [14], showed that the videogame
industry has maintained a steady growth and a prominent place in the market, being one of the most
successful application domains in the history of interactive systems [15].
Video games have not only been used for entertainment but also as an educational tool since
the design of games for education provides valuable help in skills acquisition [16]. The design of
video games with and educational purpose is known as serious games, a relatively new discipline that
combines learning design with game mechanics and logic [17].
Williamson et al. [18] argued that video games are a compelling context for learning because
it is possible to create and interact with virtual worlds to develop situated and contextualized
understandings. Robertson and Howells [19] mentioned that there is research that argue to give players
a mental exercise that generates a series of cognitive abilities, such as the planning of strategies for the
resolution of problems, and also mentioned that not only the use of games contributes to learning,
rather, they suggested the benefits of designing and building games as part of learning strategies since
it involves students and education, and thus becomes an active experience.
In addition, Skrzyszewski et al. [20] remarked on the benefits of including the design and
construction of video games as a learning strategy: this activity creates the opportunity to develop and
increase creativity, technical skills, and the ability to work as a team. In addition, students can acquire
an update on state-of-the-art technologies and techniques used in the process, and gain practical
experience in different areas of computing. Although there exist arguments against learning with
games, centered upon the lack of empirical evidence to support their effectiveness [17], we found
that according to [21–23], there is pedagogical support for learning through the development of video
games and that, in addition to the aforementioned, it increases motivation and makes the courses more
attractive for students.
There are also examples of the application of video game design and development activities as
part of HCI courses, such as the case of Dyck et al. [15] who mentioned that these environments do not
put restrictions on how things should look or how the interaction should be, but reward innovation
and performance that often leads to novel interaction, which have led to the production of many ideas
for future work. Bernhaupt et al. [24] agreed that the design of video games, as part of an HCI course,
allows for exploring new interaction techniques and experiences, allowing faster adoption of novel
technologies, and, as an example, they mention the creation of Oculus Rift and the Kinect, of which
Villaroman et al. [25] have proposed the latter as projects for HCI courses.
In addition, as mentioned by Covaci et al. [26], modern educational theories describe effective
learning as active, experiential, situated, problem-based, and providing immediate feedback.
The development of games can be the balance between play and learning activities, including
this type of events in HCI courses, which is consistent with the theories of effective learning since,
with the design and development of games and real-world situations, that allows students to develop
skills for solving problems in a way that they also stay motivated [27,28].
4. Experimental Study
This study was implemented in a fifth semester mandatory human-computer interaction course,
taught at the University of Colima in Mexico for the software engineering major. This course has been
taught since 2009 and, during these years, the learning has been mixed, using projects with video
games and learning with utility projects or administrative software.
The experiment was between subjects [29], in which students were taking the course when
video games were used. This evaluation approach is a study design in which each group is only
exposed to a single setup (i.e., learning with utility software or learning with video games). At the
time of the study, the student population of the fifth semester in software engineering were 40:29
(72.5%) were male, 11 (27.5%) were female, and none of them had taken an HCI course before. In this
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stage of their education, they already had skills in programming, data structures, and software
development processes.
The study was designed to explore students’ perceptions of the efficacy of video game design to
acquire the required HCI competencies: knowing the importance of the correct design, application and
evaluation of human computer interfaces, identifying paradigms, and state-of-the-art in the design of
technological developments with the purpose of producing efficient, easy to use software interfaces to
solve computing problems.
5. The Games
In this section we describe two examples of computer game projects that were designed and
developed during the course. These games were selected because they were success cases since the
students published their results in research conferences [30,31].
5.1. Fallbox: Game Controlled by Head Tracking
Fallbox is a 2D game (see Figure 1) played from the first-person perspective. It is based on head
tracking using infrared led and the infrared camera of the Nintendo Wii Remote. The aim of this game
is that players move their heads to control the game avatar (called Chilo) on the X axis. Chilo has to
move to dodge the boxes that are falling down.
 
Figure 1. The computer game Fallbox. The avatar must dodge the falling boxes.
The game has 5 levels, with increasing difficulty in each level, because the boxes are falling faster.
The player has a limited life (a 100% bar at start) that decreases each time Chilo is hit by a falling box.
5.2. Shooter: Game with Multimodal Interaction
This game is a 2D with a first-person perspective. The characteristics and goals of the game
are simple: the user has to go through different scenarios in which he has to eliminate every enemy
that appears within a time frame. The game integrated three different types of tangible multimodal
interactions (see Figure 2):
1. Pen-based interface: these kind of interfaces uses stylus-type devices to point to elements on the
user interface or to simulate handwriting [32];
2. Vision recognition: this recognition technique is used to simulate the mouse by wearing colored
tapes on the user’s fingers for tracking the movements and controlling the cursor [33]; and
3. Gesture interface: this interaction is achieved using a video camera and computer vision techniques
to capture the hand shape and movement, in order to simulate the mouse motion [34].
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Figure 2. The students create the interacting devices. The image illustrates a gesture interaction.
6. HCI Teaching Process
The course has been oriented to teaching through the design and evaluation of computer games
and their interaction devices. This way students learn not only basic game design principles, but also
acquire skills from the different areas that converge in the HCI area.
The course follows the proposal of Greenberg [2] that presented the teaching of HCI as a usability
engineering process (see Figure 3), which has the purpose for students to acquire sufficient skills to
make a reasonable design, develop, and evaluate of human-computer interfaces. Upon completion
of the course, students must understand what a good design means, and have experience designing
systems that are usable for people, which must be achieved by implementing interfaces through
prototypes and practicing methods of evaluating the quality of the product.
Figure 3. Human-computer interaction (HCI) as a usability engineering process.
6.1. Process of Design
The design process in HCI is fundamental and designing includes learning and acquiring important
knowledge by the students [2]: psychology of everyday things, involving users, task-centered system
design, models of human behavior, creativity and metaphors, and graphical screen design.
The design of a game starts with a plan. It will help define the game story and its elements.
The game plan contains the designs of characters and scenarios, in addition to the types and levels of
interaction that the player will have with the game. To achieve this, the sketching technique proposed
by Buxton [35] was used. This technique has proved to be an excellent means for people to start
thinking about the process of product design in a simple way [36].
To evaluate the students’ success during this stage of the course, students must generate the sketches
with the initial design of the game and the interaction mechanisms (for examples, see Figures 4 and 5).
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Figure 4. Design of the game mechanism.
 
Figure 5. Design of the interaction with the game control device.
6.2. Process of Implementation
The emphasis of the development process is on the behavioral domain: the tasks are concerned
with the user interaction with the application and the view of the user. A variation of the user-centered
methodology is used based on user-task analysis, where task-oriented methodologies ask that users
attempt to complete a task in the system [37]. The first stage in the process is to identify a complete
description of tasks, subtasks, and methods required to use a system, in addition to having a complete
understanding of the user. With this process, designers have a clear understanding of the user
requirements, and, therefore, could design better functionality according to the user. After gathering
the users’ task analysis, the constructional domain starts, which involves modelling, source code
generation, and integration.
For the Fallbox game, in this stage the students identified the scenario of the game as a complete
description of the user task:
“Chilo is the youngest kid in the family. For this reason, his brothers throw boxes to stop him inside
their house. The player must help Chilo avoid these boxes by moving his head and show his brothers
that he can beat them.”
Once the tasks were defined, the subtasks were defined: the avatar will interact only with
falling boxes, the boxes will fall with increased speed, the scenarios will include non-playable objects
(i.e., tables, chairs, beds, frets, stove, refrigerator), and the avatar will be controlled by the users’
head movements.
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At this point, the students have a clear understanding of the requirements, and they can start to
build the game and the interaction devices. For the aforementioned game, they envisioned a device
that should be placed on the player’s head for head tracking that consisted of an infrared LED (see
Figure 6) that points to a Wii Remote and is the responsible for indicating the position of the player to
the avatar in the game. So, the player has to move her head to control the game and dodge the boxes
that are falling down.
 
Figure 6. Head-tracking interaction device.
6.3. Process of Evaluation
To learn the competencies for the usability assessment, the students used a summative evaluation
following the methodology proposed by Santana-Mancilla [38], called “IHCLab Usability Test for
Serious Games”.
The evaluation included the followings phases:
1. The moderator (course instructor) opens the session with an introductory text and applies the
questionnaire for user characterization;
2. Each team gives a live demo of the game they developed in the course. The aim of this is to put
into context the use of the controllers for the users;
3. The participants should be given a task list to complete on the game. Each team will evaluate the
usability of the games developed by the other teams; and
4. The players answer the questionnaires to collect their opinions:
(1) Game heuristics questionnaire: an adapted and generalized game heuristics instrument
based on previous applications reported by the literature [39,40].
(2) Game experience questionnaire (GEQ): The GEQ is divided in two dimensions: (1) four
questions, where the learners had to give a score from 1 to 10, where 10 is the most
significant, and (2) seven questions that measured some important indicators with a
5-point Likert scale.
7. Case Study
To validate the effectiveness of computer games use in the learning of HCI, as mentioned in
Section 4, a between-subjects study was conducted with the two groups of students who followed the
HCI course at the School of Telematics of the University of Colima in Mexico.
7.1. Subjects
Participants were 40 undergraduates studying their third year (fifth semester) with a software
developer background (programming, algorithms, and data structures) and a basic hardware knowledge
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background (embedded systems and digital electronics). The school gave the informed consent for
inclusion before the students were included in the study.
7.2. Questionnaire
A questionnaire (designed by our research group) to know the opinion of the students about their
perception of the use of video games in HCI teaching was applied.
To validate the questionnaire contents, a group of experts in the area of HCI (expert judgment)
used item analysis. The validity of content is essential when making inferences or generalizations from
the results of the evaluation [41].
For this evaluation, four criteria were established:
• Sufficiency: The items that measure an indicator are enough to obtain the measurement of it;
• Clarity: The item is easily understood, that is, its syntactic and semantics are adequate;
• Coherence: The item has a logical relationship with the indicator that it is measuring; and
• Relevance: The item is essential or important, that is, it must be included.
To evaluate each criterion, the following response options were established:




A total of five teachers, working in different HCI areas, validated the questionnaire. From the
evaluation, a set of changes were introduced in the structure of the questionnaire (language used,
closing items, rearrangement of some questions), developing the version that was used in this study,
which consists of six questions and is shown in Appendix A. It is important to mention that this
questionnaire had already been applied in other studies by our research team [42], but is still in the
process of further validation using the Cronbach’s Alpha coefficient to validate the internal consistency
of the instrument since it is calculated from the covariance between the elements analyzed. The results
obtained in this study will contribute to the validation process of the questionnaire.
Each of the students in the intervention groups filled out the questionnaire and, since all students
accomplished the instrument, the sample includes all the perceptions of the subjects under study and,
thus, meets the requirement for saturation.
7.3. Results
95% of the students participating in the course thought that they learned the required HCI skills
using the design and development of video games (see Figure 7). The remaining 5% considered that it
was necessary to integrate additional content so that learning was more complete. The topics most
commonly proposed for improvement were evaluation of video games, novel interaction devices,
and graphic design.
This result showed a largely positive perception of the efficacy of use video games for skills
development in higher education.
When asked how they thought their learning would have been if the teaching process were not
with video game design, 100% said that the knowledge acquired would have been lower. Very related,
the 85% percent mentioned that they would attend other courses that use video games as a learning tool.
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Figure 7. Number of students’ responses about acquiring the required HCI skills by gender.
Regarding if they enjoyed learning using computer games, 100% of the students enjoyed the
course, and the following is some representative feedback:
• “I enjoyed from the moment of creating the idea of what game to develop, the design, the development of the
new interaction and playing the new videogame.”
• “The implementation of high technology interfaces and the evaluation to improve our project.”
• “The use of videogames to compare the course topics with experiences closer to the common and everyday
things, the work with devising a new form of interaction for a game was good and challenging.”
Regarding the problems, difficulties or frustrations they could have during the project, they said
the following:
• “On some occasions it was difficult for me to understand how interaction will work.”
• “Understand the interaction that was going to be implemented and how it would be applied.”
• “Actually, the biggest difficulty is learning to develop this type of applications, but as is more fun we were
more motivated to learn.”
Finally, the students made some suggestions to improve the experience.
• “I would suggest that projects like this used on the HCI course, be proposed as integrative projects
for all the courses in the semester, because these projects motivate us to be involved deeper with the
technologies implied.”
• “I think that this way of learning is very good.”
• “I would like there to be more time for the implementation of the interactions.”
8. Conclusions
Forty students who had participated in the HCI course were interviewed with an instrument
following the conclusion of the semester. Participants were drawn from the human-computer interaction
course of their undergraduate degree.
The use of computer games applied to HCI education has given us, in addition to learning, a motivating
way of transmitting knowledge to students. The findings contribute to the learning-by-games literature by
showing that students perceived value in learning by game design at the university level.
The approach of learning HCI through the design and evaluation of computer games has given
results outside the course. To date we have nine undergraduate students who have created a computer
game as a final project of their engineering studies based on the HCI course they attended. In addition,
students and professors have published more than 15 research works (book chapters, journals,
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and conferences) in the field of video games and serious games with these projects and the lessons
learned from the HCI course in the years that it has been offered.
By its nature, games offer constant challenges that students must be overcome to acquire the
required skills, and these challenges allow the students to perceive that games can improve their
required skills.
The evaluation has shown a broadly positive student attitude on how this game approach was
perceived, demonstrating that, according to the perception of the students, games can have a positive
effect on higher education.
The students’ perceptions described here appear to require further investigation. These results
have motivated a long-term randomized controlled trial where participants will be assigned to either
an intervention or a control group to offer compelling evidence for the potential of designing video
games to aid in the development of higher education competencies on HCI.
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Appendix A
(1) Do you think you learned enough about HCI through the design and evaluation of a videogame?
( ) Yes ( ) No
(2) Do you think your knowledge of HCI would have been the same, smaller, or greater without
having used the design and evaluation of videogames?
( ) Smaller ( ) The same ( ) Grater
(3) I would attend other courses that use video games as a learning tool.
( ) Agree ( ) Neutral ( ) Disagree
(4) In general, did you enjoy learning using video games? Explain
( ) Yes ( ) No
(5) Did you find any problem, difficulty, or frustration, in general, when using the design and
evaluation of video games as a learning tool? If you had them, list the problems.
( ) Yes ( ) No
(6) If you could improve the experience of using video games in learning HCI, what would you
change or add?
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Abstract: Entrepreneurship is currently one of the most fundamental economic activities in the
21st century. Entrepreneurship encourages young generations to generate their self-employment
and develop key soft-skills that will be useful throughout their professional career. This study
aims to present and explore a case study of a higher education institution that adopts FLIGBY as
a serious game, which allows students to develop entrepreneurship skills in an immersive way
and based on real challenges that can be found in business environments. The findings indicate
that FLIGBY offers relevant potentials and new possibilities in the development of management,
leadership, and entrepreneurship skills. Furthermore, the game allows the inclusion of summative
and formative assessment elements, which are essential in the process of monitoring and analyzing
the student’s performance.
Keywords: entrepreneurship education; FLIGBY; Flow; positive psychology; serious games;
higher education
1. Introduction
In the past, it was believed that entrepreneurship could not be taught. In this sense, entrepreneurs
were individuals who had an innate capacity, having been born with special characteristics that favored
business success. However, the results of several studies over the last two decades have shown that
although personal characteristics may facilitate the management of a new business, the entrepreneurial
process can be learned and trained [1,2]. According to [3], business success will depend on several
internal and external factors to the business, on the entrepreneur’s personal characteristics, and on
his/her ability to manage daily challenges.
One of the main concerns of entrepreneurial education is to build active entrepreneurs, going
beyond the theoretical knowledge of the theme [4,5]. However, Lautenschläger and Haase [6]
emphasize that there are aspects of entrepreneurship that may be easy to teach and others not. Skills
and competencies such as creativity, innovation, pro-activity, decision-making, and risk propensity
are difficult aspects to instill in individuals without this intrinsic propensity [6]. Several authors such
as [7,8] advocate a more practice-oriented pedagogical approach as more appropriate for the teaching
of entrepreneurship. Therefore, the traditional lecture can be used to review theoretical and cultural
aspects of entrepreneurship, directing the other aspects of entrepreneurial action towards richer, more
dynamic, and immersive methods and pedagogic resources.
The teaching of entrepreneurship should not exclusively teach how to run a business. In [9], it is
mentioned that this type of teaching should encourage creative thinking and promote a strong sense of
self-esteem and autonomy. The knowledge that should result from the teaching of entrepreneurship
should promote communication, creativity, critical thinking, leadership, negotiation, problem-solving,
networking, and time management [10,11]. According to [12], the teaching of entrepreneurship helps to
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raise students’ awareness of the entrepreneurial career, transferring general knowledge about business
management and increasing the level of knowledge and empowerment of students to create their own
professional career.
In entrepreneurial education programs, traditional methods are based on theoretical lectures and
group work. This approach allows students to understand rigorously and deeply the characteristics
of entrepreneurial activity [13]. However, this approach does not allow students to understand the
consequences of the actions taken before the commitments and resources to launch a business [14].
Consequently, other teaching methods should complement this theoretical training and encourage
the active participation of students, the enhancement of their social and problem-solving skills.
Belitski et al. [15] advocate formal education should be complemented by informal teaching methods
supported in group activities, simulations, and serious games. In fact, a serious game is defined
by [16] as games that have an educational objective but also include three fundamental components:
(i) experience, (ii) entertainment, and (iii) multimedia. In this sense, this study intends to explore,
through a case study approach, how the use of FLIGBY as a serious game can be used to enhance
motivation and competencies in entrepreneurship. This study uses a quantitative approach to assess the
success of FLIGBY adoption in an entrepreneurship discipline attended by multidisciplinary students
from the management and computer science course at a polytechnic higher education institution
in Portugal.
The work is organized as follows: Initially, a literature review on the field of gamification and
serious games is performed. After that, the FLIGBY game and the concept of Flow theory is presented.
Thereafter, the methodology and adopted methods are presented. Consequently, the main findings are
analyzed and discussed. Finally, the conclusions of this work are drawn and some suggestions for
future work are given.
2. Background
Games are typically designed with the primary objective of providing a playful experience and
entertaining players. Studies conducted by [17,18] show good results in the application of games
to increase the motivation of players when used to make products and services more attractive and
engaging consumers. The use of game mechanics, dynamics, and structure in non-game contexts is
called gamification [19].
Gamification has been incorporated into several businesses in the promotion of marketing
strategies and customer engagement. Deterding et al. [19] address the use of reward systems based on
users’ reputation ranking. This reward-based approach was then used by [20] to define a model that
awards points according to customer participation (e.g., register in products, submit comments and
reviews, watch videos, Facebook “likes”, share on Twitter, etc.). Edwards et al. [21] suggest the use of
gamification techniques incorporated in smartphone applications in the promotion of health behaviors.
Due to its popularity, gamification extrapolated the business segment and began to be applied in other
contexts such as education.
The purpose of gamification in education is to make learning easier, faster, and more dynamic for
the student. According to [22], theoretical content alone does not capture the attention and interest of
students in the subjects addressed, hence the retention of this content is low. In this sense, gamification
has the fundamental idea of awakening the greater involvement of students and, consequently,
improving the quality of teaching. Sailer et al. [23] state the potential of gamification in education
is immense, functioning as an element that arouses interest, increases participation, and develops
creativity and autonomy. To make use of gamification, it is not necessary to use a game despite the fact
that it is one of the possibilities. Gamification in education comprises the idea of adding elements,
mechanics, and logic of games to engage people in the learning process [24].
Simultaneously with the growing interest in gamification, the concept of serious games emerged.
According to [25], serious games are designed for a specific purpose related to learning, not just for
fun. They have the characteristic elements of a playful game, but their goal is to counsel something
34
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predetermined and related to the learning process. Karagiorgas and Niemann [26] state that serious
games require players to meet goals in a virtual world, whose student performance has no consequence
in the real world, while gamification in education is created to increase student engagement in real tasks.
The concept of serious games is an emerging paradigm in Technology Enhanced Learning (TEL).
The characteristics of serious games allow their adoption in the development of entrepreneurial
skills and for the teaching of entrepreneurship [27,28]. According to [29], serious games are effective
because the acquisition of knowledge is done using a contextual learning approach. Hauge et al. [30]
complement this vision by emphasizing that good entrepreneurship serious games should involve
students in challenging environments that simultaneously motivate the acquisition of skills relevant to
entrepreneurial activity and promote the development of soft skills.
The adoption of serious games in entrepreneurship classes is quite residual. One of the most
relevant works in the area was carried out by [31], in which a comparative analysis of eight
entrepreneurship serious games (i.e., GoVenture: Entrepreneur, GoVenture: World, Interpretive
solutions: Entrepreneur, Entrepreneurship Simulation: The Startup Game, SimVenture, HipsterCEO,
Innovative Dutch, and Venture Strategy) was performed. The findings of this study are aligned with
the results also obtained by Bellotti et al. [32] and highlight the low degree of maturity of these projects,
and the low level of fidelity and engagement. Another game that stands out in the European paradigm
is the ENTREXplorer. The main objective of the game is to offer a technological solution, in which
students can learn the fundamental concepts of entrepreneurship, the creation of a new business,
marketing, and strategic positioning [33]. This game also allows students to build a business plan
online. Finally, the work developed by Almeida and Simões [28] identified that entrepreneurship
serious games typically fail to support different learning styles and do not include an internal process
of assessing learning goals. Therefore, it is important to explore the potentialities of FLIGBY and
assess whether the use of FLIGBY increased the students’ motivation to attend the entrepreneurship
discipline. The following research question (RQ) was established: RQ1: Is the motivation to attend
entrepreneurship classes increased?
Following the recommendations of [7,8], it is essential to offer students a practical environment
for the teaching of entrepreneurship that complements the theoretical exposition of the theme of
entrepreneurship. The literature highlights the use of group work in which students can simulate the
process of developing a business plan that includes aspects related to the generation of ideas, strategic
positioning, feasibility analysis, among others [34,35]. In the process of building a business plan, it is
essential that students work in groups as a way to promote communication, the active learning process
and the development of critical thinking. Rosen [36] emphasizes the fundamental role of teamwork for
entrepreneurs in the maturing of ideas, mentioning that the courses of the main university institutions
include team-based project work. In this sense, it is also important to explore whether the use of
FLIGBY contributes to increasing students’ perception of the importance of group work. The following
research question was included: RQ2: Is the perception of the importance of group work increased?
The process of developing serious games is based on a diverse set of educational theories, such
as cognitive, constructivist, constructionist, and experimental theories of learning. These theories
are based on the pillar of contextual learning because the information used in this context tries to
simulate reality, and it is supposed to transfer the player to that reality. Based on the culture and
identity of each player, serious games can be a way to mediate learning through discussion and
reflection [37]. The application of serious games to teaching shows that the motivation before the game,
their involvement, and satisfaction while playing depends on the level of their effort and the previous
preparation performed by the teacher [38]. This recommendation is important in the definition of
mechanisms to introduce students to the fundamental theoretical concepts associated with FLIGBY
and to monitor the difficulties experienced by students throughout the game.
Serious games offer the educational community more realistic and interactive educational
processes. The educational approach of the entrepreneur based on serious games makes possible to
unite playful aspects and specific content, motivating the learning process and contributing to make
35
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students feel better prepared for the challenges of creating a new business. The study conducted
by [39] shows that entrepreneurship education has contributed to increasing the competencies and
intentions of students toward self-employment. Other studies have emerged to explore the type of
skills that entrepreneurship education promotes. In [40], the types of competences developed are
clustered into two major groups: Academic competencies and personal effectiveness competencies.
The first cluster includes competencies regarding reading, writing, science, technology, or critical and
analytical thinking; the second cluster includes interpersonal skills, initiative, ambition, integrity, or
taking risks. This mapping is not unique, emerging studies that include other groups. In [41], it is
suggested the adoption of three clusters: Entrepreneurial attitude (e.g., sense of initiative, self-efficacy,
structural behavior), entrepreneurial skills (e.g., creativity, networking, adaptability), and knowledge
of entrepreneurship (e.g., understanding of entrepreneurship, role of entrepreneurs, determinants of
successful entrepreneurship). In this sense, it is important to explore the role that FLIGBY can play
in the development of an entrepreneur’s key competencies. The following research question was
included: RQ3: What are the skills in which students performed better or worse?
The assessment of learning through the use of serious games is another key element. Yüksel and
Gündüz [42] emphasize the complementary role of formative and summative assessment. Summative
assessment refers to the students’ performance at the end of a course or subject in order to assess the
final outcome of the learning process, assigning grades and certifications, while formative assessment
seeks to monitor the student’s learning process throughout the use of a method or tool in teaching [43].
Price [44] states formative assessment is continuous and systematic, allowing the teacher and students to
obtain information about the development of learning with a view to adjusting processes and strategies.
Serious games should implement final and intermediate assessment mechanisms to assess students’
performance. Accordingly, Bellotti et al. [45] advocate that the evaluation of students’ performance
should consider the different learning styles and provides appropriate feedback throughout the game.
Daoudi et al. [46] summarize the evaluation techniques that can be used for learners’ assessment,
namely the use of interviews, questionnaires, scoring, and multi-agent systems. Within these, the
adoption of surveys and questionnaires stands out due to its simplicity and independence from the
type of game adopted. However, it is clear that these techniques can be effectively complemented
and used in conjunction with mechanisms integrated into the game to measure the performance of
the game in real-time. Therefore, it is important that a pedagogical strategy for the use of serious
games in the development of entrepreneurial skills includes summative and formative components.
Consequently, the following research question was included: RQ4: What are the summative and formative
elements used in the assessment of students’ performance?
3. The FLIGBY Serious Game
3.1. The Flow Theory
The flow theory, proposed by Mihaly Csikszentmihalyi from his initial research on states of
happiness and creativity, advocates that happiness occurs when individuals experience optimal mental
states called “Flow”. This state of immersion in which people entered when devoting themselves to a
particular task can be achieved from the existence of three conditions [47]:
1. The activities in which the individual is involved have clear objectives and provide an explicit
way of reporting on progress in them;
2. Feedback needs to be immediate, whether positive or negative;
3. The skills needed to perform an activity and the degree of difficulty of the proposed exercise need
to be in perfect balance.
The various emotional states proposed in [47] in which an individual can be while performing an
activity are summarized in Figure 1. Depending on the skill level of the individual and the difficulty of
the challenges, the individual will be in a different mental state. The “apathy” is considered the worst
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state, where there is no challenge to meet and no skill to test. The opposite is exactly the state of flow,
where the individual puts all his or her skills into the realization of a challenge that he or she considers
both challenging and capable of accomplishing. Most of the time, it is expected that an individual can
be at intermediate points. For example, if an individual is in a state of control, then it is important to
increase the challenge; if he/she is in a state of anxiety or excitement, then it is important to increase
his/her abilities to perform a proposed task.
 
Figure 1. Emotional states in the Flow theory [47].
In the research conducted by [47], which involved a very diverse group of professionals (e.g., monks,
executives, doctors), some common elements were found that pointed to the state of flow, respectively:
(i) complete involvement in the activities developed, (ii) high focus and concentration, (iii) internal
clarity, (iv) calm mind and no worries, (v) total focus on the present moment with loss of the notion of
time duration, and (vi) intrinsic motivation.
3.2. Architecture and Structure of FLIGBY
FLIGBY is a serious game in which the player is recently named General Manager (GM/CEO) of a
family business (“Turul Winery”) in California in the USA. The player faces the challenging task of
having to achieve a state of harmony and cooperation in a team significantly weakened by internal
conflicts due to the dysfunctional leadership style of the previous GM.
A key task is to create an environment that promotes teamwork and improves Flow. Consequently,
one of the main goals of the game is to bring as many colleagues as possible, even for a short time, to a
state of Flow. The dilemma is when to support a colleague and when to protect the interest of the team,
its stakeholders, and prudent environmental management. At the same time, decisions about strategic
issues of the company’s future must be made according to the expectations of the owner of the winery.
The player performs approximately 150 decisions during the game. In most decisions, for example
on how to conduct a strategy meeting with a team, the player must choose a response from 2 to
5 options presented. The selected answers will put each player in a proper and individual path of
the story. There are many possible paths that result in different results at the end of the game. The
experience of using the game is therefore personalized by the player according to the decisions made
throughout the game.
The player will necessarily have to balance several goals to employees reach the Flow state. This
can be done in two ways: By making management decisions that affect colleagues so that they can enter
a state of Flow or by calibrating their decisions so as to promote a corporate atmosphere conducive to
Flow overall. It is also the winery’s goal to follow business practices that are friendly to the wider
social and ecological environment, without compromising its profit potential.
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The overall performance of the player as GM of Turul Winery will be indicated whether or not he
wins the maximum prize of the game, the so-called “Spirit of Wine Trophy”. The average playing time
is 7–9 h. The software structure consists of the following three main parts:
1. The game action—this is the game itself, presented in an interactive movie format, in which the
player is advancing through the story according to his/her choices and decisions;
2. The database—stores all data (login, decisions, choices, actions) generated during the game;
3. The Master Analytics Profiler (MAP)—a final report for each individual player is generated, in
which the player’s performance is measured considering 29 key management and leadership
skills. Each of these competencies is further detailed in the methodology section.
In the implementation of FLIGBY were considered the four stages of the approaches
for serious game design (i.e., analysis, design, development, and evaluation) synthesized by
Ávila-Pesántez et al. [48]. FLIGBY offers the possibility of being used in different domains. This
flexibility is achieved through the presentation of a wide variety of scenarios and situations, which
allows the game to be explored in an academic and business environment with individuals in the field
of management, leadership, or entrepreneurship. According to [49], this high flexibility is fundamental
for the commercial success of a serious game in different industries. Additionally, FLIGBY was built
with the objective of building learning in a constructivist and experiential way. In line with [50,51], this
is a good practice that should be followed by serious games to remove any useless redundancy and
engage the player throughout the various challenges that are posed by the game.
The game is available through a web-browser interface. The dynamics of the game occur in the
central window where the various characters interact with each other. In the lower left corner, the game
presents the consultant persona (Mr. FLIGBY), who is a key character that gives feedback to the player
on his/her actions (see Figure 2). On the right side, the game offers several buttons to access the features
of the game and also gives an indication regarding the time spent in each scenario. Marer et al. [52]
describe many details about FLIGBY’s conceptual, academic, and pedagogical aspects.
 
Figure 2. FLIGBY interface (authors’ own illustration).
4. Materials and Methods
4.1. Structure of the Study
Mixed methods were employed in the development of this study. This approach allows us to
simultaneously use quantitative and qualitative methods in the exploration and analysis of data.
According to [53], the adoption of mixed methods enriches the findings and increases the depth and
breadth of the study. The literature offers several ways to structure a mixed methods study, and the
multilevel design was applied in this study. This approach assumes the existence of multiple layers in
the analysis of a problem, in which quantitative and/or qualitative methods can be used throughout
the process. In [54] it is stated that this approach allows us to explore the cross-level direct effects and
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provide more accurate and robust results. Figure 3 represents schematically the adopted multilevel
design in which it becomes possible to perceive the objective of each phase and the adopted method.
The study was structured in three phases, with qualitative and quantitative techniques being adopted
in the collection and analysis of data in each phase. The first phase followed from 15 October 2018 to
1 November 2018; the second phase from 1 November 2018 to 15 December 2018; and the third phase
from 7 January 2019 to 25 January 2019.
Figure 3. Phases of the adopted methodology (author’s own illustration).
The study began on 15 October 2018, in which a survey was distributed among students that aimed
to characterize the students’ profile considering their possible previous experience as entrepreneurs,
the experience of working in groups, their individual attitudes, and the self-evaluation of their skills.
This survey was available to students during the 2-week period. Among the various methodological
options in the field of social sciences and humanities research, the survey is assumed to be one of
the most frequently used. According to [55,56], the use of surveys allows direct knowledge of reality
and rapid quantification of the findings. However, it is also an approach with low perception and
comprehension of evolutionary phenomena. For these reasons, we adopted a research methodology
consisting of three phases (Figure 3) in which qualitative and quantitative methodologies were used
along the research process. Table 1 presents a brief descriptive analysis of the survey. A total of
51 students responded to this survey. The results of this survey show that a significant majority of
students do not have experience as entrepreneurs and consider that they enjoy working in groups.
A considerable majority of learners accepted failures in their learning process and considered that these
situations offered opportunities for improvement. In relation to quality, timing, and perfectionism
there was a greater dispersal of responses, and there was no clear conviction from students as to which
of these elements may be most important.
This survey also contained some qualitative interpretation questions that aimed to explore the
process of working in a group and self-evaluate students’ skills, respectively:
• Students mentioned that in group working is easier to divide tasks and increase productivity.
Additionally, group working contributes to a large amount of knowledge sharing, increases
levels of creativity and enables new approaches to be adopted in solving challenges. On the
other hand, the main challenges are communication, the difficulties in generating consensus and
inadequate/unequal participation of the members of the group;
• Students believed that their core competencies include the ability to organize, execute and
engage in projects. On the opposite side, communication, time management skills and emotional
intelligence were pointed out as the skills in which they expected to have the greatest difficulties.
In phase II which took place between 1 November 2018 and 15 December 2018 the FLIGBY was
made available to students via the cloud. An individual access account was created for each student.
The student’s performance during the game was recorded. During these 6 weeks, a weekly session of
30 min was organized to discuss the main difficulties experienced by students in the game until that
week. An informal approach was chosen through unstructured interviews with the students of the
class. Only two types of problems were found: (i) the application did not work on IoS devices due
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to technical problems in running a Flash application; and (ii) due to network breaks, some students
had to play the same scenario several times. These problems were overcome with the support of the
teacher. These sessions also proved to be essential to increase the students’ level of motivation for the
game and to ensure that all students received the access code for the game.
Table 1. Sample characteristics of the survey (phase I).
Variable Absolute Frequency Relative Frequency
Have you had experience as a manager?
Yes 5 0.098
No 46 0.902
Have you already founded your own company?
Yes 1 0.020
No 50 0.980
Do you like to work in a group?
Yes 49 0.961
No 2 0.039
Individual Attitudes Mean Std. Dev.
I can accept failures as part of a learning process 4.255 0.595
Failures allow opportunities for reflection and consideration 4.353 0.595
I quickly overcome setbacks 3.647 0.716
I feel comfortable to talk to people that are different from me 4.137 0.825
I frequently come in contact with people that are different
from me 3.725 0.981
When facing difficult tasks, I am certain I will accomplish them 3.882 0.653
I would prefer to hand in a product on time rather than
making it perfect 3.255 0.997
In general, quality and perfection are more important than
effectiveness 3.137 1.000
I will probably start my own business one day 3.686 0.761
In phase III, the authors tried to evaluate the experience of using FLIGBY and the performance
obtained by the students. This process was performed using a survey in which quantitative data on the
experience of the game, its benefits, and limitations were obtained. Table 2 shows the data obtained.
In the “evaluation of experience” dimension, the students gave a high score for the experience offered
by FLIGBY, having also mentioned that it was an experience “worth the time”. They also considered
that the game is not too long or complex, despite a high dispersion of responses. In the “evaluation of
game” dimension, the students pointed to interactivity as the main asset of the game. In the “benefits
of the game” dimension, the students considered that FLIGBY allowed them essentially to increase
the level of knowledge in the management field and to have a greater knowledge of their skills that
will be essential to them along their career at university. On the other side, in the “limitations of the
game” dimension, the students considered that FLIGBY needs previous training before starting to play.
In this sense, the pedagogical session held by the teacher one week before the game was played by the
students proved to be absolutely essential. This session lasted 90 min and two topics were covered:
(i) presentation of the flow theory and how this theoretical concept is essential in the management of
an organization and team, and (ii) explanation of the interface of the game.
In addition, a semi-structured study was performed in which students were asked to perform
a self-assessment of their competences against the performance indicators provided by the game.
This semi-structured interview was conducted in a group in which all students were present and
three questions were asked: (i) the main difficulties experienced by students in using FLIGBY, (ii) the
indicators in which they performed best and worst were in line with their expectations, and (iii) what
is the influence of their performance in FLIGBY on their academic and professional career.
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Table 2. Sample characteristics of the survey (phase III).
Variable Mean Std. Dev.
Evaluation of experience
Please rate your overall FLIGBY experience 4.105 0.649
Please rate: The FLIGBY experience was “worth the time.” 4.053 1.064
What is your opinion: The FLIGBY game is “too long” 2.579 1.130
What is your opinion: The FLIGBY game is “too complex” 2.789 1.143
After playing FLIGBY. Would you like to open your own business? 3.289 0.956
After playing FLIGBY. Do you feel you have more skills to open your
own business? 3.684 0.873




Immediate feedback 3.816 0.926
Interactivity 3.974 0.716
Personalization 3.553 0.795
Benefits of the game
Improves knowledge in the management field 4.105 0.509
Improves knowledge in the leadership field 4.079 0.587
Improves knowledge in the entrepreneurship field 4.053 0.613
Helps me to be more aware of my skills and actions at work/university 4.105 0.649
Helps me to try out new approaches 4.079 0.587
Helps me to have new attitudes to people 4.053 0.655
Improves my self-esteem 3.474 0.797
Improves collaborative learning 3.816 0.652
Enhance my motivation 3.684 0.842
Helps to know more about myself 3.763 0.820
Applicable to the real world 3.842 0.789
Improves to establish new social connections 3.553 0.828
Limitations of the game
Requires high training before starting to play 2.737 1.057
Decreases students’ attention to the classes 2.184 1.159
Creates isolation feelings on the students 2.237 0.971
Evaluation not related to the course assessment 2.421 1.106
Decreases the time available to focus on the classes 2.342 1.146
A thematic analysis was employed to analyze the findings of the semi-structured interview
(Table 3). The thematic analysis is one of the most commonly used approaches in qualitative research
methods and, according to Braun and Clarke [57], allows identifying and exploring patterns within the
data. Furthermore, Creswell and Poth [58] point out that this approach allows exploring the data from
two perspectives: From a data-driven perspective and from the research question perspective. This
complementarity turns possible to assess the consistency of the data with the research questions and to
explore the level of detail obtained in each of them.
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Table 3. Identification of final themes in the thematic analysis process.
Dimension Sub-Dimension Final Themes
Experienced difficulties
Technical Compatibility issues with all browsersLow bandwidth of the Internet connection
Scientific Achieve the Flow state at the end of the gameDealing with conflicts and heterogeneity















Development of management, leadership and
entrepreneurship skills
Reducing knowledge asymmetries
More receptive to working in groups
Self-assessment tool
Professional Increase motivation to work with multidisciplinary teams
Development of soft-skills that are essential in the labor market
4.2. Research Dimensions
Player performance in FLIGBY is measured using 29 indicators. These indicators correspond to
the skills identified by [47] from interviews conducted with CEOs and organizational leaders, which
allowed the leader persons to personally reach the state of flow, in which there is total absorption
and joy in the present moment, and also to create what Csikszentmihalyi calls “Flow-promoting
organizational work environments and leadership culture”. Therefore, in the business context, in
order to obtain the best from each employee and to obtain business success, it becomes necessary to
have harmony and positive results in each of the 29 indicators identified in Table 4. FLIGBY creates
an individual final report for each player in which its performance is measured considering those 29
indicators. This report is made available to the teacher and to each student.
Table 4. MAP dimensions.
Dimension Description
Active listening
How to respond to another person who improves mutual understanding. It involves
understanding the content of a message, as well as the sender’s intention and the circumstance
under which the message is given.
Analytical skills Ability to visualize, articulate, and solve complex problems and concepts and make decisions thatare sensible on the basis of available information.
Assertiveness Ability to express their emotions and needs without violating the rights of others and withoutbeing aggressive.
Balance Ability to maintain the same importance between things. A balance between challenges and skillsis necessary for Flow.
Business-oriented
thinking Ability to manage situations and solve problems in order to create added value for the company.
Communication Set of skills that enable a person to convey information in order to be received and understood.
Conflicts
management The practice of identifying and dealing with conflicts in a sensible, fair, and efficient manner.
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Table 4. Cont.
Dimension Description
Creation of trust Ability to create trust and a positive state of mind in which individuals feel the desireto participate.
Decision-making on
pressure Readiness to form, facilitate, and monitor teamwork and teams.
Delegation Ability to delegate function or authority on another person to act on behalf of the manager.
Diplomacy Ability to take into account the varying interests and values of other parties involved inthe negotiation.
Emotional
intelligence Ability to recognize and evaluate your own and others’ feelings.
Empowerment Competencies to share information, rewards, and power with employees so that they can takeinitiatives and make decisions.
Entrepreneurship Ability and willingness to undertake the design, organization, and management of a productiveenterprise with all inherent risks, while seeking profit as a reward.
Execution The act of successfully executing and completing management tasks.
Feedback Give response, whether positive or negative, to a particular request, action, or event.
Future orientation Willingness to think long-term and about the future consequences of taken actions.
Information
gathering
Willingness to collect appropriate information to carry out the next step on the basis of
this information.
Intuitive thinking Blurred, non-linear way of thinking that does not use rational processes such as facts and data.
Involvement Readiness to participate in the activities of a group or team.
Motivational skills The type of skills that enable a person to become motivated and work towards achieving goals.
Organizing Ability to organize itself around a concept or model that enables the implementation of actionstaken in a sustained manner.
Personal strengths Recognize and apply personal strengths is the ability to discover and use well the personal andother people’s strengths that are not immediately obvious.
Prioritization Ability to organize a set of items and set priorities among them.
Social dynamics Awareness of the complexity of many situations and the social dynamics that govern them.
Stakeholder
management
Ability to manage the business process, usually involving a trade-off, in order to have a positive
impact on the organizations’ stakeholders.
Strategic thinking Ability to think that allows the discovery of alternatives with considerable effectiveness inachieving an objective or solving a problem instead of resorting to obvious choices.
Teamwork
management Ability to participate, facilitate, and monitor teamwork.
Time management Process of planning and executing, being aware of the time allocated, its priority and of theeventual existence of competing activities.
5. Results and Discussion
5.1. RQ1—Is the Motivation to Attend Entrepreneurship Classes Increased?
The discipline of entrepreneurship is attended by students from management and computer
science courses. This heterogeneous profile allows the creation of a multidisciplinary learning
environment as suggested by the Organization for Economic Cooperation and Development (OECD)
when analyzing the state of entrepreneurship education in higher education institutions [59]. However,
the process of integrating multidisciplinary students also presents some challenges, namely in terms
of communication within the teams, in the division of tasks, and also in the motivation to work
together. According to the data available in Table 2, the use of FLIGBY before the formation of these
multidisciplinary teams allowed students to know their skills and develop management skills. Both
dimensions present a mean equal to 4.105. The semi-structured interview held after the conclusion of
the game by students allowed us to identify that the development of management skills was more
valued by the students of the computer science course. For the students of the computer science
course, the entrepreneurship course is the first curricular unit in which they address basic knowledge
of management of an organization, while the management students already attended two disciplines
(i.e., Management and Organization of Companies, and Marketing) that introduce fundamental
management competencies. Therefore, FLIGBY emerges as a valuable tool in reducing asymmetries in
the preparation of students in the creation of an entrepreneurship project.
Looking at Table 2, the authors found that the increase in motivation was positively evaluated by
the students, despite being one of the least relevant dimensions within the tested benefits. Nevertheless,
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motivation cannot be seen in isolation. Frese and Gielnik [60] advocate that there is a slight but important
difference between people who seek to perform activities to meet their strengths, which is natural
because they feel competent, and the pleasure of facing challenges and testing new skills and which
are typical for entrepreneurs. FLIGBY seeks to exactly pose new challenges to students throughout
various scenarios. In third and fourth place as the main benefits offered by FLIGBY (see Table 2) stand
the development of leadership competencies and the testing of new approaches. According to [61],
entrepreneurship and leadership present conceptual similarity with a considerable area of overlap but
are still different. While leadership is more directly associated with the conceptual components related
to people, entrepreneurship tends to be more linked to the concepts of seeking independence through
the exploration of market opportunities. Kouzes and Posner [61] state entrepreneurship is not a
necessary part of successful leadership, but leadership is an element of entrepreneurial success. Despite
the importance of leadership, there is no discipline in the management course and computer science
course that addresses this theme. Students in general, and in particular those from the management
course and with experience in the labor market, expressed as a positive point that FLIGBY allowed
them to explore how different followed options have an impact on the cohesion of teams and in the
individual performance of employees. Two of these students expressed that the knowledge acquired
has a direct impact on their business activities as they hold middle management positions, one in a
financial company and another in the logistics field.
5.2. RQ2—Is the Perception of the Importance of Group Work Increased?
The development of entrepreneurial projects requires the research, identification, and development
of creative and innovative ideas. Group work emerges as a fundamental competence in the various
phases of an entrepreneurship project, from the generation of the business idea, conceptualization, to
the entry into the market. The first survey made available to students before they started the game
allowed us to identify the students’ perception of group work. The results confirmed the students’
appreciation of this topic since more than 95% of the students said they liked group work and were
able to identify some of the main advantages of collaborative work, such as the appreciation of each
individual, the development of skills, or the exchange of experiences. The data in Table 1 also allowed
us to identify that the majority of students (mean equal to 4137) stated that they felt comfortable in
communicating with people different from them, although the number of experiences they had in this
situation was relatively lower (mean equal to 3725). In fact, the discipline of entrepreneurship proved
to be fundamental in increasing this indicator, since teamwork is absolutely essential and the 2018/19
school year was attended by four Erasmus students from partner institutions in Lithuania and Poland.
The results of the survey available in Table 2 and the semi-structured interview conducted after
the conclusion of the game were inconclusive regarding the direct benefits offered by FLIGBY for the
increase of group work skills. However, the results of the survey in Table 2, namely, “helps me to have
new attitudes to people” with an average of 4.053, show that students after playing FLIGBY feel more
receptive to working in groups. Furthermore, students indicated that in their role as CEO of Turul
Winery in the FLIGBY game they needed to identify the key skills of each employee and get them to
work as a team. FLIGBY’s main challenge was to get all Turul Winery employees to achieve Flow by
the end of the game. The way each student managed the conflicts within the team allowed them to
be better prepared for the real challenges they will encounter in multidisciplinary group work in the
context of the entrepreneurship course.
5.3. RQ3—What Are the Skills in Which Students Performed Better or Worse?
Table 4 allows us to explore the students’ performance in FLIGBY considering the established
29 MAP dimensions. The students’ performance in each dimension was analyzed considering the
course in which they were enrolled, and it was possible to reach the following conclusions: (i) the
three dimensions in which the students of the business course performed best were information
gathering, involvement, and emotional intelligence; (ii) in the computer science course, a similar
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behavior was observed, plus the importance of social dynamics; (iii) the variables in which the
students performed worst were time management, decision-making on pressure, delegation, and
prioritization. The dimensions in which the students had the worst performance are globally transversal
to both courses.
Table 5 also seeks to assess whether the behavior of students in any of the considered courses
is different for each of the 29 MAP dimensions. For this purpose, the p-value was calculated, which
represents the probability of having observed a distinct significant value under the null hypothesis.
A cut-off value of 0.05 was defined to reject the null hypothesis. The results indicate the existence
of different significant performance for the students of the computer science course in the following
dimensions: (i) decision-making on pressure; (ii) feedback; (iii) future orientation; (iv) social dynamics;
and (v) time management. In these five situations, it was found that the performance of students from
the computer science course was significantly higher.
Table 5. Students’ performance in FLIGBY considering MAP dimensions.
Variable
Business Course (n = 18) Computer Science Course (n = 31) p-Value
Mean Median Std. Dev. Mean Median Std. Dev.
Active listening 68 71 11 67 71 10 0.6121
Analytical skills 63 65 13 65 67 10 0.5304
Assertiveness 58 58 8 59 59 10 0.7283
Balance 67 66 9.7 67 70 9.3 0.9236
Business-oriented
thinking 59 59 7.1 62 64 8.6 0.1455
Communication 63 63 8.9 65 64 11 0.3803
Conflicts
management 59 58 6.7 61 63 8.3 0.1963
Creation of trust 68 68 6.5 69 70 7 0.3603
Decision-making on
pressure 52 49 9.2 57 56 11 0.0299
Delegation 53 50 11 53 50 18 0.8790
Diplomacy 64 65 12 68 65 10 0.2033
Emotional
intelligence 70 73 7.5 73 74 8.7 0.1153
Empowerment 65 67 15 66 67 12 0.7049
Entrepreneurship 64 64 9.7 68 67 12 0.1398
Execution 61 65 13 67 65 10 0.0813
Feedback 66 65 8.2 72 71 16 0.0073
Future orientation 65 63 8.8 70 70 11 0.0169
Information gathering 71 71 11 72 71 9.7 0.6650
Intuitive thinking 61 59 7.6 62 60 8.3 0.6257
Involvement 71 70 11 71 70 9.4 0.8947
Motivational skills 68 70 8.7 69 68 11 0.6317
Organizing 64 65 9.6 64 65 12 0.9418
Personal strengths 65 64 8.9 67 68 10 0.3667
Prioritization 54 53 8.2 56 53 10 0.3126
Social dynamics 66 68 6.6 73 74 9.4 0.0003
Stakeholder
management 65 67 12 70 70 15 0.1065
Strategic thinking 62 62 6.9 64 65 10 0.2616
Teamwork
management 62 64 7.7 65 65 11 0.1359
Time management 47 50 9.5 52 50 16 0.0256
Shaded cells have a p-value less than 0.05.
The semi-structured interview conducted after the conclusion of the game made possible to
explore the reasons that justify the obtained results. Difficulties in time management was a top difficulty
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pointed out transversally by all students, and which occurred right in the first scenarios of the game
in which the player in the role of CEO had to schedule meetings with all employees of the company.
In fact, most of the students showed interest in knowing in depth each employee but could not manage
the time allocated to each meeting, having typically exceeded this time. This difficulty experienced in
the game is also experienced by students in the discipline of entrepreneurship since this discipline
works in parallel with other disciplines with a high taught time and workload on projects. In fact, time
management is considered a very important determinant in the individual performance of students
in higher education, but it is also important for entrepreneurs in order to complete the pre-startup
phase successfully [62,63]. On the other hand, the students’ performance in the emotional intelligence
component was a surprise. Most students were able to identify, understand, recognize, and manage
their emotions and the emotions of other characters in the game in a positive way. This positive
performance also represented a broad growth of students in this field since most of them did not even
know the concept of emotional intelligence. In [64], it is highlighted the importance of developing
emotional intelligence in education and FLIGBY is a non-immersive solution that can promote the
development of these skills.
Finally, the authors also explored the reasons why computer science students got better results in
five MAP dimensions. At this level, three reasons emerged as relevant to explain this performance:
(i) project management practices, namely the adoption of agile methodologies in Software Engineering
and Decision Support Systems discipline were important elements for students to apply personal time
management practices that proved to be important in the context of the game; (ii) the group work
in large dimension groups (i.e., 6 to 8 students) carried out mainly in the Decision Support Systems
discipline proved to be important in developing both time management skills and giving feedback to a
project team; and (iii) around 20% of students in the Computer Science course already had an Erasmus
+ experience, which was important in developing social dynamics.
5.4. RQ4—What Are the Summative and Formative Elements Used in the Assessment of Students’ Performance?
The semi-structured interview held at the end of the game was also relevant to systematically
identify and expose the summative and formative elements used in the process of assessing student
performance. The versatility of FLIGBY allowed the incorporation of both summative and formative
assessment components. The main element of summative evaluation is FLIGBY personal report which
is a relatively long report that evaluates the player’s performance according to the 29 MAP dimensions
and lists the key performance indicators (KPIs) of the player’s performance. However, despite the
unequivocal importance of the summative assessment elements, the main advantage offered by FLIGBY
is the introduction of formative elements that give the student important real-time feedback on their
performance. These elements are essential to the player’s motivation and learning process. As main
elements of formative assessment, FLIGBY offers: (i) Mr. FLIGBY, which is a virtual coach that gives
advice to the players and praise them if they make good decisions; (ii) the FLOW Profile that allows
visualizing the positioning of each player in the eight emotional states of the Flow theory proposed
by [47]; (iii) the Flow Meter of the Turul Winery indicates the corporate atmosphere meter which shows
the average mood inside the organization; and (iv) Profitability Index which shows how a player’s
decision impacts Turul Winer’s revenue-generating ability. In Figure 4 the following elements are
identified: (A) Flow Profile; (B) Flow Meter; and (C) Profitability Index.
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Figure 4. FLIGBY formative feedback (authors’ own illustration). (A) Flow Profile; (B) Flow Meter;
and (C) Profitability Index.
The inclusion of these four formative elements is fundamental for students to adjust the
development of their game processes and strategies as suggested by [44]. This adjustment is performed
by the player himself without the intervention of the teacher. Another key aspect offered by the game
is the level of challenge that is posed to each player that is adapted according to their actions in the
game. As indicated by [45] it is essential that the feedback that is given to the player is personalized
according to the different learning styles. Mr. FLIGBY’s intervention is important to give indications to
the player how he/she can improve his/her performance in the next scenario, and the feedback that
was given by Mr. FLIGBY always seeks to be constructive by identifying first of all the correct actions
taken by the player, but also indicating the areas in which he/she should improve.
6. Conclusions
Entrepreneurship is a standard of living that includes a set of behaviors and skills that can be
developed and applied not only when launching a new business but also to enhance the performance
of any job activity. The mission of universities, in addition to preparing students for the job market, is
to form critical and aware citizens who can contribute as agents of change in society. In this sense, the
inclusion of entrepreneurship in the formal university education system is relevant. FLIGBY presents
itself as a technological tool that through a serious game allows the acquisition and development of
competencies through a powerful, immersive, and personalized learning space.
The use of FLIGBY in the context of an entrepreneurship course involving students with
multidisciplinary skills in management and computer science was received very positively by students.
The students mentioned the usefulness of the game in the development of management, leadership
and entrepreneurship skills that will be essential to them throughout their academic career and in the
labor market. By using FLIGBY, students were able to train their skills in a wide range of domains like
gathering information, motivating employees, training their emotional intelligence, and establishing
social dynamics in a corporate environment. Furthermore, the use of FLIGBY allowed these students
to better understand their skills and explore how they interact with individuals that have very distinct
and often conflicting characters. These skills are fundamental in the labor market and are typically not
included and addressed in the context of a higher education degree.
FLIGBY offers both summative and formative assessment components. For one side, the FLIGBY
personal report is a fundamental element in the analysis of the player’s performance in the game
considering the 29 MAP dimensions. This report also allows a comparative analysis of the benchmarking
obtained by players in each of these dimensions. Despite the importance of summative elements, the
potential of FLIGBY is revealed in the inclusion of several formative elements that support and evaluate
the player in a non-intrusive way throughout the game. These formative elements are essential in the
development of student’s skills while they are playing.
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This study has unequivocal theoretical and practical potentialities and benefits. From the
theoretical point of view, a new informal teaching method based on a serious game is presented that
allows students to increase technical skills in the field of management and entrepreneurship and
also allows them to develop essential soft-skills (e.g., leadership, group work, emotional intelligence,
problem-solving skills, among others) that are crucial when launching a new venture. On the other
hand, in practical terms, this study seeks to arouse in other higher education institutions the desire to
include serious games as a complementary activity to formal teaching methods in an entrepreneurship
course, highlighting these game’s relevance. It is intended that this case study serve as a reference for
other higher education institutions to adopt serious games in the context of an entrepreneurship course.
As future work, it would be relevant to increase the number of pupils involved in this initiative.
Currently, only students attending the 2018/19 school year entrepreneurship discipline have been
included in this study, but prospectively it is intended to include students from upcoming editions
of this course. Furthermore, and entrepreneurship being a multidisciplinary theme, it is pertinent to
involve other engineering and social sciences courses in this discipline. Another aspect to be assessed
is the impact of the use of FLIGBY on students’ academic performance. To this end, it is important to
explore how performance in each of the 29 MAP dimensions has an impact on students’ academic
success through the use of non-parametric and parametric statistical techniques. Finally, it is also
relevant to explore the use of FLIGBY as a coaching tool in which students can practice the development
of skills in which they experience greater difficulty.
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Abstract: Massive Open Online Courses (MOOCs), regardless of their topic, are a perfect space to
generate, through virtual learning communities associated with them, very valuable resources for
their participants and, in general, anyone interested in the topic covered. If in the design of these
learning spaces, elements specific to games are added to them, which is known as gamification,
we can try to increase the engagement of the student towards the course and, therefore, towards
the community. This paper presents an experience of a MOOC of Universidad Rey Juan Carlos
(Spain) with a connectivist approach. Aspects such as fun and motivation have been worked on
in the design, through the application of gamified activities and the use of elements from social
networks, considered as gamification, with the aim of increasing participation and engagement within
a Facebook group, used as a community to support the course. We have analyzed aspects such as
enjoyment and motivation, the result of which has been active participation and high engagement
within the MOOC community in the form of content and especially great interaction, highlighting the
existence of continuous activity once the edition of the MOOC is finished, as a consequence of a habit
generated in the student.
Keywords: gamification; MOOC; fun; social networks; virtual learning communities
1. Introduction
The generalization of Internet access and globalization have led to a change in aspects such as
communication, work, leisure or business [1], requiring every individual to constantly update their
knowledge, which is known as lifelong learning. This continuous learning and the existence of Internet
requires new models that explain the way in which one learns. Connectivism [2] tries to explain
the learning that takes place in the digital age, which is outside of the person, in the Web and the
most important aspect will be the ability to create connections with the content and between different
individuals. Siemens [2] emphasizes “as knowledge continues to grow and evolve, access to what is
needed is more important than what the learner currently possesses”.
To respond to these constant needs for training and new forms of learning, universities are opening
their content through various initiatives such as the pioneering OpenCourseWare (OCW) [3] or more
recently, the Massive Open Online Courses (MOOC) that are offering university educational level since
2008 to thousands of people, with the only requirement of having access to the Internet [4].
Two approaches stand out within the field of MOOC [5,6], on one hand the cMOOC, based on
a connectivist approach, in which its pedagogy its pedagogy promotes the social part of the course,
try to focus it around the contributions of the students; on the other hand there are the xMOOC,
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based on content and with features similar to those of a traditional online course, these are the most
widely known. There is a trend towards hybrid solutions [7,8], which take advantage of the number of
users of xMOOC platforms, with a space in which to manage users and content; and social spaces in
which to develop the most connectivist part of cMOOC. The lack of control of information generated
on the Web [2] favors the formation of specialized spaces or Virtual Learning Communities (VLC),
and specifically in MOOC it is common to find them as spaces where their participants interact
and generate conversation and resources. There are different options when choosing a VLC [8],
being the most used digital social networks given their nature and which are used by the majority
of MOOC participants, this makes them a convenient solution and with the possibility of having
some participation.
New methodologies [6] are increasingly used to achieve better results in MOOC, in most cases
focusing on one of the drawbacks of this course modality, the large number of dropouts. Gamification
is one of the possibilities in which we work to improve these results, this consists [9] in applying
elements of game design in contexts that are not games, in this case education. Although there are
other interesting aspects in which it is possible to work using gamification, such as the VLC.
The aim of this research is to find out whether, through the application in one MOOC,
with connectivism approach, of various gamification techniques, that increase motivation and fun, it is
possible to achieve a greater engagement in terms of participation and generate a habit in the use of
the VLC. With the purpose of increasing participation in the form of new content and conversations by
the various members of the community associated with the MOOC. For the development of this work
we have worked with a learning community on Facebook. As a first hypothesis, it has been considered
that the very fact of participating in a digital social network such as Facebook and its elements are a
way of gamification in itself. It has been analyzed which is the relation that the participants of the
virtual community of learning have with the perception of the amusement and its engagement with it,
relying on how they affect the characterization of participants according to these concepts, in order to
obtain useful patterns of behavior to apply in future editions of the MOOC. This MOOC, from the Rey
Juan Carlos University, lasted one month and was given during the month of September 2018, winning
the First Award for Educational Innovation MiriadaX.
In the following sections the experience will be developed. In the “Background” section,
a theoretical review is proposed about the main aspects of this work. In the following two sections,
the design of the MOOC will be described and the main results obtained will be presented. Finally,
this paper shows a discussion of the results obtained and ends with conclusions.
2. Background
2.1. Towards a Hybrid MOOC
MOOCs have appeared as a disruptive element in the field of education [10], within the higher
education community, allowing thousands of people from all over the world to be trained in a
diversity of contents [4,6,11] through Open Educational Resources (OER) and different pedagogical
proposals. However, they also have some exceptions and dropout rates of between 60% and 90% of the
students enrolled.
Within the philosophy of connectivism as a learning model, the first MOOC [12] appeared in 2008,
known as cMOOC, in which it is the students themselves who construct the contents of the course.
A new pedagogy that turns the student into the protagonist of the MOOC [8] where both the content
and the discussion generated are totally distributed [4] as is the case with the Internet, where learning is
produced by the fact of browsing and creates connections. It emphasizes the autonomy of the student,
who uses his habitual digital tool to communicate. This supposes numerous tools and technologies
associated to the MOOC and it will be necessary to dominate to be able to follow the course, reason
why it is required of some advanced digital skills [4,8].
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On the other hand, there are the xMOOC, which since its emergence in 2012 has grown rapidly [11]
and are the best known and most common, with thousands of students and no limit on the number of
enrolled. Their structure is similar to an online course [5], they are organized by modules, objectives,
video lectures and have automatic evaluation tests (test) or between peers. Platforms such as Coursera,
EdX, Udacity [4] or MiriadaX congregate the majority of users and are composed mainly of universities.
It is common to find in these platforms a more traditional model in which the teacher is the expert and
the student is simply a consumer of knowledge, as opposed to the cMOOC where roles are changed,
and students are given greater protagonism.
Although connectivist MOOCs have an interesting pedagogical model, the main disadvantage is
the distributed nature of the students’ contributions, it is complex to follow this type of courses due
to the number of communication tools used and to bring together their management, compared to
the ease of xMOOC models. At the same time, one of the main limitations of xMOOC is the social
part [10,13], being relegated to internal and closed forums, not very useful. At the same time, one of
the main limitations of the xMOOC is the social part [10,13], being relegated to internal and closed
forums for people who are not part of the MOOC. It is usual that they cannot be accessed after the
edition is finished, losing all the conversations generated in them. Sometimes it is difficult to follow
the conversations in them because of the students’ lack of organization in writing their publications.
For this reason, new tendencies appear that mix both types of MOOC [7,8], they are called hybrid
MOOC or hMOOC, starting from the use of an xMOOC platform where the teaching team creates
the structure of the course with the contents and manages the users. On the other hand, one or more
external tools are used to complement the social deficiencies of these platforms, generally tools that
favor the social part or that allow the application of new methodologies such as gamification [6]
through different elements and mechanisms (badges, reputation, points, etc.).
2.2. Virtual Learning Communities
VLCs are spaces or groups of people with interests that focus on a common theme and that allow
interaction and dialogue in digital spaces [14,15].
Advantages of VLCs include [6] synchronous and asynchronous communication; permanence of
publications for later review; ease of communication between different geographical areas; connection
with potential clients or people interested in other people’s publications; and unlimited interactivity.
The added value of using social networks is that it makes it easier to share content and generate
discussion forums [16] with the most organized content, its use being better known by most students.
They are increasingly used in the field of education, such as Facebook groups [8,10] that allow the
creation of discussion and interaction spaces in a synchronous and asynchronous way.
2.3. Gamification Principles
Games are an element that is increasingly present in today’s society, in part due to the rise and
possibilities offered by new technologies that allow these games to be applied through numerous
devices. There is a tendency to reuse design principles in other contexts that have nothing to do
with games such as marketing, health or education. If one extracts those elements of design, key for
the success of a game, and they are applied in these new contexts is when one will be able to speak
of Gamification [17,18] and especially in education [19]. In the specific case of MOOCs there is a
growth in the use of this methodology [20–23] applying gamification to achieve greater engagement
of participants.
One of the current problems in education [24] is the lack of commitment and motivation of
students, the application of gamification in education has great potential for improving performance,
motivation, engagement or fun [22,23] of training activities. This will enable students to improve their
skills and knowledge [24] by devoting more time to study and with greater involvement. It should not
be forgotten that emotions and feelings [6,25] have a great impact on learning processes, generating
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greater engagement or on the contrary even reaching frustration within the course, it will be important
to take them into account for proper management.
When talking about design it is complex to find a single framework that defines the different
existing elements or dimensions [26] without finding a consensus when talking about terms such as
mechanics, dynamics or components. Depending on the author, elements such as narrative, challenge,
emotion, collaboration, badges, and dots will appear related to these terms.
2.4. Gamification and VLC
The use of digital social networks in education as VLC is becoming more widespread, given the
impact it has on learning, with aspects such as motivation, engagement, satisfaction, and interaction [27]
enabling online sharing and collaboration. Another aspect to study is the feelings generated when an
interaction takes place, through discussions or comments in these networks, which is an important
element when related to the activity of users in the MOOC [25].
If one analyzes the inherent elements of social network platforms such as Facebook or Twitter,
which promote increased activity on them, one perceives a direct relationship with the gamification
elements themselves. For example, the fact of receiving “likes” in a publication is related to aspects such
as points and positive feelings related to status or even enjoyment, which Facebook allows to different
degrees when indicating that we like a publication. The same happens with the phenomenon of being
“followed” in a social network or when our publications are shared. On this aspect authors such as
Hansch, Newman, and Schildhauer [26] propose a framework when talking about gamification design,
in which they include another aspect that features prominently in online learning and knowledge
sharing: the social/interactive dimension.
Using these elements of social networks in VLC, we are able to apply gamification without the
need for other technologies, not only for the fact of working the social dimension, but also for the use of
other dynamics. Specifically, the digital social network Facebook has a tool called “Groups” that allows
creation of workspaces, with different privacy settings. This platform is committed to the educational
use of these groups and within these, elements closely linked to gamification stand out, such as these:
• Progress bar, associated with the additional functionality of the groups, “Units”, which serve to
organize the collection and ordering of group publications, managing the chaos that often occurs
with so much published information. Members of group are able to mark the publications of each
unit seen, checking in the bar its level of progress.
• Digital badges that Facebook itself automatically associates according to the degree or type of
participation of members in the group. These, when obtained, are associated with the name of
the member who has obtained it, appearing in all the publications made within group. Facebook
Groups currently offers 10 different badges [28].
• Different degrees of “likes” (I like it, I love it, it saddens me, etc.), comments and reshares.
Although these options are not specific to groups, they are interesting as gamification elements.
3. Materials and Methods
3.1. MOOC
The MOOC analyzed, “Empower yourself with social networks” from Universidad Rey Juan
Carlos, was offered in 2018 on the Spanish platform MiriadaX for one month (29 August to 25 September).
It obtained First Award for Educational Innovation MiriadaX from the same platform in 2018 [29].
Over 4 weeks and 5 modules, the MOOC works on aspects such as personal branding on the
Internet. Each module consists of a series of lessons that work on specific topics through video, text,
links of interest, and exercises. The first week introduces the course learning guide (module 0) and
contextualizes the course theme (module 1) emphasizing aspects such as professional digital identity.
The next two weeks is where they see different social networks, from those more general as Facebook
or Twitter (module 2) to others more specialized, such as LinkedIn (module 3). The fourth and final
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module works tools such as video, web analytics, and the concept of Personal Branding as the final
result of the MOOC. All contents of the MOOC were accessible from the first day, except exams of
each module which were opened one per week. In this way the students could review the material at
their own pace, although through e-mail communications was set a rhythm and order, for those who
needed a more guided modality.
The proposed design is based on a hybrid philosophy [7] called gcMOOC, already used in other
works by the authors [21], which takes advantage of the infrastructure already created, such as the
MiriadaX platform (xMOOC), and which has more than 6 million registered users [30], to offer a cMOOC
approach through external elements [8]. The objective is to achieve greater student involvement and
increased interaction in the MOOC in the form of new resources, thus following the connectivist
principles, where priority is given to the content provided by those participating in the MOOC. For this,
it was necessary to use a virtual learning community in which to generate a connectivist part. The key to
the proposed model is the use of gamification, especially taking advantage of the social part of it, from a
digital social network such as Facebook, and its own gamified elements that seek greater engagement.
Therefore, the MOOC is divided into two spaces, the platform where the course is, and the VLC
where the activity is generated. In the following sections the proposed model will be analyzed: both
the virtual learning community created and those gamification elements introduced.
3.2. Virtual Learning Community (Facebook Group)
In order to encourage participation, a virtual learning community was created on the Facebook
platform, specifically a public group. The advantage of groups is that they organize publications on a
wall where any member of the group can publish content appearing in the first place each publication,
unlike Facebook pages, where only appear on the wall the publications of the administrators. Groups
have very complete statistics for the teacher and also have interesting features for education: units,
badges, publications with styles (bold, italics, numbering, etc.), hashtags, different roles of members
and systems for approval of publications or searches within the community.
The VLC created for the MOOC is totally public and presents a set of rules of conduct previously
defined in a corresponding section. In addition, in the MOOC, there is a lesson within module 0 that
links to the community and explains how it works through a video tutorial. The link to the community
is constantly quoted in e-mails sent to students and in various MOOC lessons.
The “Units” tool of the group has been used, which allows the teacher to organize those publications
that he considers appropriate within the units. In the case of the MOOC they were used as tips or
pieces of advice, to get the most profit from each module. Four units or tips were created, within which
the teacher organized all the publications of the team, to avoid that these were lost in the time line of
the group between so much publication of the participants. The units allow to make them obligatory,
in such a way that they appear to the student as incomplete in a progress bar that as the reading seeing
will be completed. Figure 1 shows on the left a unit, one can see the bar that indicates graphically and
numerically the number of publications of the unit viewed and an example of publication, at the end
the option can be seen “done” that the user can mark once viewed; to the right is the information
message that appears to each user after finishing a unit and below the general bar that every user sees
in the group, indicating the number of completed units.
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Figure 1. Screenshots of units in Facebook Groups.
3.3. Applied Gamification
The xMOOC models are the most massified and therefore generalized. In these courses most users
choose to make use of content and individual learning; few go beyond and work a more social and
connected part. Hybrid approaches, such as this model, with external communities where most MOOC
activity takes place. The drawback is, on the part of MOOC students, ignorance of their existence,
lack of interest or digital skills, this will mean that they do not access these spaces or do not make the
most of them.
In this work, through gamification, we seek to motivate and generate new habits in the student to
see the usefulness of the VLC and become accustomed to access and work in it. To this end, the two
spaces have been worked on: the MOOC and the VLC.
3.3.1. MOOC and VLC gamification
In the first place, it has been decided to use challenges that involve the student through voluntary
activities in which they can put into practice the theoretical concepts set out in the MOOC and, on the
other hand, encourage participation in the VLC sharing the results. They were divided into two types:
• Asynchronous activities: A total of 12 exercises distributed within the lessons, in which the student
can put into practice what he has learned in the lesson at his own pace, and which encourage him
to share the result in the form of a publication in the virtual learning community, thus seeking a
flow of content from the MOOC to the VLC [8,31]. They were proposed activities such as creating
a profile in the social networks explained and sharing it in the VLC, or looking for additional
information about the contents, also sharing it.
• Synchronous activities: 4 interactive live activities were proposed, in form of a broadcast via
YouTube video platform, using “Hangouts on-air” [32] live videoconferencing option. Any student
with the link could view the live event and participate in the chat on the right side of the video.
Within these synchronous activities, the novelty with respect to other initiatives of the team has
been the design, seeking a very active participation and protagonism of the student within the activity
and to feel part of this. This is the summary of the events:
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1. “Building digital identity”: In this event, the professor proposed a collaborative analysis of what
actions are carried out on the Internet that leave their mark on the digital identity of any person.
We used the chat of the YouTube retransmission through which to participate live; the professor
was working on the ideas he was reading written in the chat.
2. “What about us on Internet”: In this case was made use of the Kahoot! platform of questions,
which allows to use it to apply gamification, given its format of a contest. It was used live, allowing
anyone to participate who entered the platform, via web or mobile app, and wrote the specific
code provided during the live event for the space created. Through a survey, the activity proposed
to participants to make different Internet searches about their name and surname, and to see what
information appeared from them, analyzing the results the teacher and contributing ideas.
3. “Interview with...”: The last two events had the same configuration, they were two interviews,
one per week, to experts in the subject of each week module. The event was designed for
maximum participation and protagonism of the students. Four days before the event, a link
was sent to a space in the Sli.do questions and answers platform, where any MOOC student
could write a question on his or her behalf or anonymously, leaving the question published for
anyone to see and vote for. The most voted questions were those that were asked to each one of
the interviewees.
On the other hand, the use of a digital social network as a support to the VLC and from the
point of view of the applied gamification, not only allows the use of a more social and collaborative
dimension, it also offers its own elements (likes, units, shares, and badges) that could be adopted
within the gamified design of the MOOC, which tend to be unnoticed in the literature. These kinds of
elements encourage dynamics such as socialization, participation, debate, status or progress. Figure 2
shows an example of how badges associated with a profile would look (admin and visual storyteller).
 
Figure 2. Digital badges in Facebook Groups.
3.3.2. Gamified Model
After reviewing the different actions in the two main spaces of the MOOC, Figure 3 shows the
resulting design. At the top is the hybrid MOOC model that uses a VLC to support the most connectivist
and social part. In order to increase engagement, gamification is applied in this work, the result being
checked in the lower part of the figure.
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Figure 3. Gamified model (Massive Open Online Courses (MOOC) and Virtual Learning Communities (VLC)).
The most structured and organized part is associated with the MOOC (left) and is where both
asynchronous activities are proposed, within the lessons, and synchronous activities, at different
moments of the edition, which make use of external tools. The result seeks to generate an increase
in publications and greater interaction within the virtual community of learning, on the right of the
figure is shown this community and what gamified elements within it also encourage motivation to
participate and interact within.
Table 1 summarizes the features, tools, and platforms used to apply the gamification in MOOC
edition (Figure 3).
Table 1. Relationship between gamification activities and technologies used.
Technologies










In order to obtain data, we used the statistics provided by the platforms on which MOOC was
designed and all its activities:
• MiriadaX allows you to know the number of students enrolled, how many have started and how
many have finished.
• Facebook Group offers very detailed statistics, showing information such as active members in
the group, number of publications detailed by date, or visits and reactions to publications.
• YouTube allows to know in a very complete way the visualizations of the videos and of the
live broadcasts.
• Sli.do and Kahoot! also provide statistics of participation, although they are very basic, for the
purpose of the experience have been enough.
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At the end of the MOOC, a satisfaction survey was sent to all enrolled, based on the validated
SEEQ survey [33], already used in other experiences of the same team. Specific questions were added
related to specific aspects to be measured on the MOOC the VLC, such as the tools used or the
perception of learning and fun. A total of 63 Likert type questions with a range from 1 to 5 (Strongly
disagree to Strongly agree) were posed. In some questions the option “I don’t know him” was added
to make include this possibility for the specific case of tools used.
4. Results
The research presented in this article works with the data extracted from student activity in
an MOOC designed and delivered by the teaching team over the 28 days, comparing them with a
satisfaction survey sent after completion.
Table 2 reflects the overall results of the completion of MOOC and the virtual learning community
on the last day of the edition (25/09/2018). The number of completions corresponds to students
who passed at least 75% of the assessment activities and video lectures viewed. The percentages of
finalization have been calculated in relation to those who registered and also to those who started the
MOOC, this number is more significant, bearing in mind that the platform considers as initiated any
user who has accessed at least once during the course period, as opposed to the 3980 registered users
who did not enter even once during the edition, and therefore did not see any video or content.
Table 2. Results of MOOC’s participation in the MiriadaX platform and Facebook group.
MOOC (MiriadaX)
Enrolled Started Finished (100%) % (Enrolled) % (Started)
8532 4552
1359 15.9% 29.8%
Finished (75%) % (Enrolled) % (Started)
1655 19.4% 36.3%
VLC (Facebook Group)
Members Publications Comments Reactions
2540 1980 2746 13,333
As for the VLC, this table shows the total values after completing the course, highlighting a large
interaction of users with respect to publications with comments and reactions. The latter refer to the
Facebook “likes” of both publications and comments, taking into account the different likes options
offered by the social network.
All events have been supported by Hangouts on air from YouTube, broadcast live. Table 3 shows a
summary of the activity of these four events. This table shows, for each event, the Youtube information,
in time ranges, from the day of the event, until the end of the edition and until the day before the
second edition of the MOOC began. The values obtained are from the day of recording. The average
duration was 30 min, and you can see the fall of users who saw them, and therefore engagement in the
MOOC, as the edition progresses.
4.1. Live Events
Throughout the MOOC different types of activities were proposed, as seen above. The results
of the synchronous gamification activities and the tools used to interact with the students will be
analyzed below.
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Table 3. Live events summary.










Streaming duration (min:sec) 32:25 26:05 33:01 27:41
Event day
Day 04/09/2018 11/09/2018 18/09/2018 25/08/2018
Views 798 803 270 381
Peak
concurrents 182 157 83 78
Unique
viewers 599 534 214 319
Likes 71 41 59 48
Shares 19 8 6 7
Chat




Period 22 days 15 days 7 days 1 day
Views 2834 1333 608 515
Unique
viewers 1963 886 444 412
Likes 110 52 70 53





Views 3290 1407 672 664
Likes 112 55 70 57
Shares 96 12 10 8
Comments 46 32 5 3
Kahoot! Participants - 88 - -
Sli.do
Participants - - 49 41
Questions - - 50 36
Likes - - 102 52
As for the interaction generated in the events, different elements were used to allow the participation
of the spectators. For the first one we used YouTube’s own chat, with a total of 373 live conversations.
Kahoot!, a very interesting application used in education to gamify, got a total of 88 participants,
10% of the viewers, who answered the 8 questions posed. The last two events asked for a previous
participation through Sli.do. In the 4 days prior to each event MOOC students proposed 50 and
36 questions respectively for the interviewees, and these obtained 102 and 52 likes. Sli.do allows
anonymous questions to be published or the name to be written, and only 36% were anonymous at
both events.
4.2. Participation in the VLC
In this section the specific results obtained in the Facebook community will be analyzed. Figure 4
shows the generated activity in a graphical way. At the top of the graph you can see the evolution of
the publications (red), this shows a downward trend as the end of MOOC edition approaches, versus
the interaction (comments and reactions) between members that has been more constant. It emphasizes
that the number of active users remains constant throughout the edition. The lower part of Figure 4
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shows the evolution of community members, which has been growing even at the end of the edition.
During the whole edition, both students who started at different times, even at the last minute, and new
enrollees were incorporated into the community, as the platform allows registration until the end of
the edition.
Figure 4. VLC publications (top) and members evolution (bottom).
In order to check whether a compromise had really been achieved and to create a habit in the use
of VLC, independently of MOOC, Facebook group was analyzed as soon as the edition of MOOC had
been completed, without any kind of community dynamization or emails encouraging participation.
Figure 5 shows the result of the activity between 26 September, 2018 and 1 April, 2019, the day
before the start of the second edition of the MOOC. The result was an increase of 425 new members,
387 publications, 605 comments, and 2755 reactions. An average of 53.4 active members per day, albeit
with a large deviation (196.4).
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Figure 5. VLC activity after MOOC edition.
4.3. Satisfaction Survey
After completing MOOC, a survey was sent to find out the assessment of students, answered by a
total of 480 individuals, that is, 10.5% of those who started the course. Although the survey had a
total of 63 questions, the seven most representative questions in relation to this work, summarized in
Table 4, have been selected.
Table 4. Selected questions from the satisfaction survey for the study.
Q1. Enjoyment I had fun with the MOOC
Q2. Gamification I felt like I was in a game in the MOOC
Q3. Participation
I have shared in the Facebook community the proposed activities
of the course
Q4. Participation (a, b, c, d e)
Participation in the Facebook group (a) reading, (b) publishing, (c)
commenting to others, (d) likes and (e) sharing publications
Q5. Motivation (a, b, c)
It encourages me, when I publish something, that my publications:
(a) have comments, (b) are shared and (c) have likes
Q6. Engagement I have felt part of the community
Q7. Completion I’ve passed the MOOC
Firstly, the students’ perception of three aspects related to the MOOC was analyzed: enjoyment
and gamification; directly related to questions 1 and 2 respectively. Figure 6 shows each of the three
aspects related to question 7 on whether the MOOC was completed at 100%, 75%, or not.
Figure 6. Relationship between learning, enjoyment, gamification and completion of MOOC.
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The aspect of enjoyment or fun again highlights that those who have had the most fun have been
those who have finished at 100% with 61.6%, and 75% with 55.6%. In both cases, those students who
have completed the MOOC consider that they have had fun, an aspect that was sought to be promoted.
As for the applied gamification, they were asked if they had felt like in a game, in this case the value as
expected decreases, since a complete gamification was not applied, for example to MiriadaX platform
itself, even so more than 40% of those who finished the MOOC, have had this perception.
Continuing with these two aspects, Figure 7 shows the relationship, in this case, with respect to
the age of the students.
Figure 7. Relationship between learning, enjoyment, gamification and age.
For fun, the values are around 45.3% of the 30–39 age group and 48.3% of those under 30; and the
maximum values of 59.5% for the 40–49 age group and 56.7% again for those over 60. The other aspect,
most related to gamification, only the age range between 40–49 with 43.9% and over 60 with 45% have
felt in a game. As expected, those under 30 were the most skeptical with 29.3%.
Secondly, the aspects related to the VLC on Facebook and the MOOC have been analyzed. On the
one hand to check if the applied gamification has increased the participation and on the other hand to
check if its elements have really achieved a real commitment of its members with the community and
can be considered as motivating elements.
Figure 8 shows the answers given to the degree of participation in the Facebook group using its
different elements.
Figure 8. Participation in Facebook group: reading, publishing, commenting, likes, and sharing (Q4).
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In general, members of group have read the publications of others, drastically reducing the rest of
participative actions, where almost 50% of those asked not shared publications, commented on others
or published; although it stands out that between 20% and 24% have actively carried out these actions.
The second most common interaction was the use of “likes”, with just over 41%.
The following graph (Figure 9) analyzes the results related to motivation in the VLC, from question
5, in order to know how it affects the interaction of others on the subject’s participation in the community
when publishing.
Figure 9. Motivation in Facebook Group (Q5).
Answers to this fifth question reveal that, in general, members of the group are motivated when
someone comments on their publications with 48.3%, that they share with 47.9% and that they get
“likes” only 37%.
In order to obtain an overview of the results of the previous graphs, Figure 10 proposes a more
complete analysis of question 5 from the point of view of the ages of the participants. In this way,
the aim is to understand in depth the motivation for a user that others interact with their publications.
Figure 10. Motivation in Facebook Group (Q5) age analysis.
After the results shown in the graph, it is the participants between 50 and 59 who are most
motivated to share and comment on their publications around 51%, being in turn the least important
and motivators seem to them the “likes” with only 36.5% interest in them, along with those over 60
who are even less interested with 30%. In general, the rest of ages are motivated with more than 41%
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to comment and share with them, being the age groups under 39 who have more attraction for “likes”
with 40%.
Finally, fun has been studied as a key element to generate an engagement in the MOOC and,
as a consequence, a greater participation in the learning community. Table 5 shows a comparison
between the student’s perception of fun when performing the MOOC (Q1) and the questions that refer
to the feeling of being in a game (Q2), being part of the community (Q6), and about participation in
Facebook (Q3 and Q4 (d)). The most representative values of the results have been highlighted in bold,
which will be reviewed below.
Table 5. Relationship between gamification, community engagement and fun.









Q2. I felt like





16.82% 39.19% 10.53% 4.72% 2.26%




25.23% 12.16% 50.88% 36.22% 12.03%
Agree 17.76% 1.35% 7.02% 48.03% 31.58%
Strongly
Agree
18.69% 0.00% 0.88% 1.57% 50.38%





73.91% 14.86% 1.75% 0.00% 0.75%




0.00% 37.84% 56.14% 23.62% 1.50%
Agree 0.00% 1.35% 16.67% 47.24% 24.06%
Strongly
Agree










86.96% 51.35% 34.21% 36.22% 22.56%




0.00% 17.57% 24.56% 21.26% 22.56%
Agree 4.35% 6.76% 13.16% 10.24% 20.30%
Strongly
Agree








73.91% 47.30% 32.46% 37.01% 21.05%




4.35% 16.22% 16.67% 9.45% 4.51%
Agree 2.17% 7.43% 17.54% 23.62% 28.20%
Strongly
Agree
6.52% 6.08% 12.28% 10.24% 34.21%
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It is verified that those participants who have had more sensation of being in a game (Agree or
Strongly agree in Q2) are those who have had more fun (Agree or Strongly agree in Q1), the same
relation that exists with the feeling of being part of the community (Agree or Strongly agree in Q6).
About sharing publications, the 86.96% that have not shared publications (Strongly disagree in Q3) are
those that have less fun in the MOOC (Strongly disagree in Q1). The surveyed participants that more
actively share their publications (Agree or Strongly agree in Q3) are those who have had more fun
(Agree or Strongly agree in Q1). At last, those participants who have put more likes (Strongly agree in
Q4), have also had fun (Strongly agree in Q1), being these close to 35%. Almost 74% of those who
did not put likes (Strongly disagree in Q4) did not have a perception of fun with the MOOC (Strongly
disagree in Q1).
5. Discussion and Conclusions
In general, MOOCs are known and criticized for the low student numbers that complete them.
Although this value has not been demonstrated to be dependent on the quality of the contents [1],
neither is the objective of this research to improve it, if it is true that it can be used to get an idea
of the degree of commitment to the course on the part of the students. It is common in MOOCs to
find a high drop-out, around 90%–95% [5], compared to the results obtained in this work with 19.4%,
which double the most common values. Specifically, 15.9% saw all the contents and surpassed all the
activities to 100%.
This research has analyzed the convenience of applying gamification actions in a hybrid MOOC
model, where special importance has been given to the social part, promoting those characteristics of a
cMOOC, to increase engagement, fun and create a habit when using the VLC, in order to generate new
content and conversation.
Two types of activities were proposed in the design, giving rise to a particularly active community
with almost 2000 publications during the 28 days of publication. There has been a great deal of interaction
between community members with over 2500 comments and 13,000 interactions. Asynchronous
activities, associated with content within the MOOC, in which the student was encouraged to
publish the results in the community, as well as in other team initiatives in previous MOOCs [21,32].
Synchronous activities, through live events, were quite seen, although with the classic curve of fall
in the participation of the MOOC [7] and in them the audience participated, even though they had
to make use of different technologies like Kahoot! or Sli.do, we must not forget that the type of
MOOC student is very heterogeneous and does not always have advanced digital competences [4,8].
Participation is remarkable in these activities, to a greater or lesser degree, with 1963 visitors who
during the MOOC entered the first event, 43.1% of those who started the course, up to 9% of those
who saw the last event, as shown in Table 3. This participation is quite high, bearing in mind also that
these were voluntary activities and meant that the student had access to a space other than the MOOC
platform. Participation has been quite high, bearing in mind that these were voluntary activities and
meant that the student had access to a space other than the MOOC platform. Within these events,
except the first where the interaction was simple, through the chat of the video itself on YouTube,
the rest had mainly viewers in front of students who participated actively entering platforms where the
activity was performed as Kahoot! or Sli.do. It should not be forgotten that these types of initiatives
require some digital skills, and although its use was a novelty with respect to other MOOCs, its use
was minority.
Figure 5 shows that there has been activity, once the edition of the MOOC is finished, both in
publications and in interactions, therefore, it has been possible to create a habit and for the members
to see the usefulness of participating in this type of communities. Gamification promotes socially
desirable learning behaviors [27], in this case the use of the social network itself as a learning space in
which to share content.
Based on the satisfaction survey, the students’ perception of the sensation of being in a game and
having fun participating in the MOOC and the VLC has been analyzed. Figure 6 reveals that those
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who have had the most fun are those who have finished the MOOC at 100% with 61.6% and 75% with
more than 50%, fun is an important element when promoting engagement [23] and to take into account
when designing a gamified model [21]. Regardless of the ending, if we focus on age, and reviewing
the two graphs globally, we can see that in general the groups that have had the most fun have been
from the age of 40. And more specifically, only those over 40 have really had some perception of being
in a game, as opposed to those under 30, which as expected have a different concept of game, familiar
with mobile applications or real videogames.
From the point of view of motivation, another key element to achieve greater engagement in the
model presented, participation in the Facebook group (Figure 8) reveals how students have worked
within the community. Highlighting the reading and decreasing the rest of the actions within Facebook,
being giving “likes” to others, over 41%, what has been used most, followed by commenting and
sharing publications. But, if we change the focus and look at the motivation to receive this type of
recognition in the publications or interactions that the student makes, the results change, (Figure 9)
with almost 50% to those who do motivate the fact that they are commented or shared. These feelings
generated by the interaction (comments, likes, etc.) have a relation with the activity of the students
in the MOOC [25]. Within this point of view, it is interesting how the participants are predisposed
to give “likes” but only 37% are motivated to receive them. Looking at the age analysis in Figure 10,
as expected, the younger generations under 39 are the most motivated to receive likes (41%), to share
their publications (40%–45%) and to comment (46%–48%) on generations more habituated to the use of
social networks [34], as opposed to those over 60, of which only 30% were interested in receiving likes.
The younger generations, who have shown a greater interest in these elements, are more susceptible to
what is known as gameful experience also in contexts that are not games [35], having a predisposition
to greater engagement when applying these proposals.
Analyzing this type of elements, typical of social networks such as likes, comments or the
possibility of sharing other people’s publications, offer a “visible status” and a “social engagement” [36].
The ability to follow each other’s learning progress, upvoting other peers [26] can harness these
motivational aspects of gamification to stimulate participation and engagement with learning contents
and with other participants [27], as has been shown in this work. The use of VLC is more and more
common in education [27], making use of social networks such as VLC it will be possible, in an indirect
way, to take advantage of the use of these own gamification characteristics [26].
The findings shown in Table 5 reinforce this relationship between fun and social part, from feeling
in a community where those participants who have had the most fun have also felt a greater degree of
community with 67%. On the other hand, no direct relationship has been found between the degree
of fun and the sharing of MOOC activities in the community. Finally, there is a certain relationship
among the participants who have used “likes” the most and those who have had the most fun with
45%, seeming to them an attractive element, and we consider that it could be associated with the
gamification points and the sensation of happiness that it produces, as other authors [26,27].
It is clear that those participants who have had the greatest feeling of being in a game (Q2) are
those who have had the most fun, the same relationship that exists with the feeling of being part of
the community. Of those surveyed, 23.13% took an active part in sharing their publications, of which
around 30% thought it was fun, as opposed to those who did not share anything and did not perceive
any fun in the MOOC. Finally, those participants who liked it the most also had fun, being close to
45%. Almost 74% of those who did not put likes did not have a perception of fun with the MOOC.
Participants that agreed or strongly agreed with having fun with the MOOC shows higher levels of
gamification (Q2), community feeling (Q6), and participation (Q4). However, there is no direct relation
between having fun and sharing MOOC activities in Facebook. Therefore, the participation of students
in sharing their own activities is not enhanced through having fun. Other actions to motivate sharing
activities should be implemented.
As a main conclusion, through the use of gamification, by using two types of activities (synchronous
and asynchronous) from a MOOC, and the elements of digital social networks themselves (Facebook),
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we have achieved greater engagement and generation of content for the VLC. It has been proven that
users have had fun and active participation in the community, creating a habit beyond the edition of
the MOOC. Fun can be key to achieving greater engagement both in the course, with a higher degree
of completion, and in the community.
This increase in motivation to participate in a social network is thanks to attractive elements that
can be used as gamification by their own nature, as opposed to more restrained spaces such as online
course forums. It has been proposed that members of the community receive an incentive to publish,
with this type of interest sample towards their contributions.
With respect to previous experiences, we have worked more on the interaction with the student,
to make it more active, incorporating tools such as Kahoot! or Sli.do in live events, although with
an extra difficulty for certain users due to lack of digital knowledge, as well as inconvenience when
having to use more tools.
The next line of research will seek to deepen the students’ perception of the usefulness of
the content generated, increase the number of interactive activities in which to apply gamification,
incorporating new digital tools. We will also work on the design of activities that are more fun and
attractive for students.
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Abstract: Students’ motivation is a fundamental factor in the educational process, and can be
facilitated through new methodologies and technologies, including gamification, video games,
collaborative learning, or, in particular, the methodology called “collaborative learning with video
games” (which is presented and can be understood as the implementation of educational activities
in which students have to work together to achieve a goal, and the main resource of the activity is
a video game). However, if teachers themselves are not motivated, or if they lack a positive attitude
towards implementing these new methodologies, it will be difficult for students to feel motivated
when approaching said resources. Therefore, it is important to know what teachers’ attitudes towards
them are. The aim of this research is the creation of an attitudes scale towards collaborative learning
with video games, aimed at in-service primary school teachers. Different methodological steps were
followed that made its construction possible, such as the analysis of items and the verification of their
reliability, resulting in a rigorous attitudes scale of 33 items, with a reliability of α = 0.947. This implies
that the measurement instrument is validated and allows one to know the attitudes of in-service
primary school teachers towards a new methodology related to the implementation of video games
in education.
Keywords: video games; collaborative learning; education; teacher; attitudes; primary education;
technology; ICT; Likert scale
1. Introduction
Students’ motivation is a fundamental factor in the educational process at any educational
stage. It can be facilitated through the implementation of new methodologies in the educational
process, including project-based learning and problem-based learning, but also through the use of
different technologies, such as robotics, augmented reality and virtual reality. In this text, we focus on
gamification and video games, and in particular, on the methodology called “collaborative learning
with video games”, which deals with the use of video games in collaborative learning activities.
These tools generate motivation and promote learning in students. However, if teachers do not have
a positive attitude towards the implementation of these new tools, it will be difficult for students to feel
motivated when these resources are implemented in their learning process. Therefore, it is important
to know what teachers’ attitudes towards them are [1–3].
The aim of this study was the creation of an attitudes scale directed towards collaborative learning
with video games, aimed at in-service primary school teachers. With that in mind, this article is
divided into several sections. We start with the theoretical framework, in which literature on the key
concepts of the article is reviewed, including topics such as gamification and video games, motivation,
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learning gains and teachers’ attitudes. A description of the study is presented in the following sections,
including the methodology used and the results related to the creation of the instrument. Finally,
the conclusions are addressed.
2. Theoretical Framework
Student motivation is a key factor for their learning, as indicated by various studies [4–6]. In fact,
the implementation of gamification and video games in education has improved motivation for
primary education students [7–9], secondary education students [10–12] and even higher education
students [13–16]. In the same way, the implementation of collaborative learning methodologies has
also contributed to students’ motivation [6,17,18].
Furthermore, gamification and video games in education also enable learning gains for students
in terms of knowledge, skills and attitudes, for different education system stages, including primary
education [19–21], secondary education [22–24] and higher education [16,25,26]. At the same time,
the implementation of collaborative learning methodologies also contributes to student learning [17,27–29].
This motivated us to create a methodology called “collaborative learning with video games”, which
brings together, in a single methodology, the advantages and criteria of implementing video games
and collaborative learning in education. In that sense, it can be understood as the implementation of
educational activities in which students have to work together, sharing responsibilities to achieve a goal
(for instance, to do a task, to do a project, to complete a chart, to create a digital presentation, to write
an essay, etc.), while discussing different perspectives and contributing with their ideas. The main
resource of this activity is a video game [30]. It is important to highlight that collaborative learning
between students can happen inside the video game, outside the game, or in both spaces (inside and
outside the video game) depending on the type of educational strategy or activity the teacher chooses
to implement. Educational experiences using this methodology are found in the literature [31–34].
Martín [35] provided further examples.
Considering these methodologies, students feel more motivated to face the educational process,
and in turn, obtain learning gains. This poses a new question: are teachers motivated to implement
these new technologies in their educational practices? What are teachers’ attitudes, opinions and
perspectives about it? If teachers are not motivated in their implementation, it will be difficult for
students to feel motivated when these resources are presented as part of the learning process. In fact,
as Tejedor and García-Valcárcel [3] said, one of the biggest factors that influences the integration of any
pedagogical innovation, new methodology or new technological resource in educational practices,
is the attitude of affected teachers. Therefore, it is important to understand teachers’ viewpoints on
these issues.
In this regard, we could find several studies referring to in-service and pre-service teachers’
attitudes towards video games in education [1,2,36–38], and towards gamification in educational
settings [39–42]. In general, research shows that teachers’ attitudes towards these approaches
are positive.
This article focuses on collaborative learning with video games; in particular, it reveals the creation
and subsequent validation of a Likert-type attitude scale towards collaborative learning with video
games, aimed at in-service primary education teachers.
3. Materials and Methods
The creation of an attitude scale requires a rigorous process in order to obtain an appropriate and
validated instrument to measure the target attitude. At the same time, it is important to highlight that
there are different types of attitude scales. In our specific case, we selected a Likert-type attitude scale.
Likert-type attitude scales use a construction method that adapts to the measurement of different types
of attitudes [43]. We took the ideas of multiple authors into account in creating this instrument [44,45].
Morales, Urosa and Blanco [44] synthesized the process of creation for this type of scale into
specific stages, including the definition of the specific attitude to be measured as a key step. The next
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steps are: (1) the preparation of the instrument through the writing of several items and the preparation
of additional information; (2) the obtainment of data from an adequate sample; (3) the item analysis,
the calculation of reliability, the analysis of the scale content structure and the selection of definitive items.
It is fundamental to define the attitude to be measured, which, in our case, is teachers’ attitudes
towards collaborative learning with video games. This can be defined as the relatively stable
predisposition of teachers to respond favorably or unfavorably to the implementation of educational
activities in which students have to work together, sharing responsibilities to achieve a goal (for instance,
to do a task, to do a project, to complete a chart, to create a digital presentation, or to write an essay),
while discussing different perspectives and contributing with their ideas, where the main resource of
this activity is a video game.
Regarding the writing of the items of the scale, it is necessary to create several sentences.
As Morales [46] said, they are usually written in the form of opinions with which the person
may or may not agree. In addition, other instruments that measure the same or similar attitudes
can be taken into account for elaboration purposes. For that reason, we took the measurement
instrument called “Semantic differential: learning through collaborative projects with Information
and Communication Technologies (ICT)” [47] and the questionnaire “Opinion about collaborative
learning methodology” [17] into account. A total of 75 preliminary items were prepared at this time.
As Morales, Urosa and Blanco [44] pointed out, provisional items should be reviewed by more than
one person, allowing for modification or elimination as needed. In our case, they were reviewed by an
in-service primary education teacher (that is to say, a professional with a similar status to the final
recipients of this instrument), by an expert in written comprehension and written composition, and an
expert in educational technology. This process gave rise to 64 items. The following response mode was
established: (1) strongly disagree (SD), (2) disagree (D), (3) indifferent (I), (4) agree (A), and (5) strongly
agree (SA). As Morales, Urosa and Blanco [44] pointed out, additional information must be prepared,
so other questions (specifically, 20 questions) were also incorporated into the complete questionnaire
to provide more information including, for instance, age, gender, courses and disciplines taught this
year, and university degrees finished.
Once we acquired a sufficient number of items and decided how to respond to them, it was
necessary to validate our preliminary instrument by means of a methodologically appropriate procedure.
Specifically, the instrument developed up to this point had to be subject to a content validation process
by expert judgment. As Cabero and Barroso [48] said, the use of experts as a strategy to assess teaching
materials, as well as data collection instruments (as in our case) or the methodologies used in the
educational process, is quite common in the field of educational research. Six experts took part in
our study. Considering that they were experts in more than one field, it is important to highlight
that four were primary school teachers, five were experts in the implementation of information
and communication technologies (ICT) or video games in educational settings, two were experts in
collaborative learning, and two were experts in construction and validation of measuring instruments
and research methods. Considering their own opinions and knowledge, the experts had to rate the
validity of each item from 1 (very bad) to 5 (very good) in relation to the objective of the scale and the
specific attitude to be measured. They could also submit other suggestions about the instrument in
general and about specific items in a space created in the questionnaire for scale validation. Regarding
the selection criteria of the items at this stage, that is, which preliminary items were kept in the
instrument and which were not, we took into account the percentage of experts who considered
that an item was good or very good (taking as criterion to be above 60% of experts), the average
obtained (establishing as criterion an average equal to or greater than 4), and the specific comments
and suggestions provided by the experts. In addition, in the case that some of the items did not meet
these criteria, we took the utility of that item on the scale into account, and were able to keep those
items for the next step in which they were used with a sample. As a result of this process, we kept
57 items of the initial 64, namely those that applied to in-service primary school teachers.
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We then went to the next step of creating the scale, which involved obtaining data from appropriate
samples. Specifically, the sample included 223 Spanish in-service primary school teachers. With this
data, we proceeded to carry out item analysis, reliability calculation, analysis of the scale content
structure and final selection of the items using the statistical software SPSS 22 (IBM Corporation,
Armonk, NY, USA). These aspects will be presented in the following section.
4. Data Analysis and Results
Firstly, we present the results that show the sample characterization. The total sample was
223 Spanish in-service primary school teachers, and 113 were men (50.7%) and 110 were women (49.3%).
The respondents were 21–60 years old, the statistical mode was 38 years old (5.4% of the sample) and
the mean was 36.09. In regards to what levels they teach (considering that primary education in Spain
consists of six years, from 6 to 12 years old), 79 teachers taught the first year, 71 the second year, 78 the
third year, 81 the fourth year, 87 the fifth year, and 87 the sixth year. It is important to highlight that in
Spain the same teacher can work across different age levels depending on the discipline. In regards to
their university-level education, excluding their undergraduate degree to be a primary school teacher,
17 teachers (7.6%) were enrolled in a master’s degree and 36 teachers (16.1%) held a master’s degree
at the time of answering the questionnaire. Furthermore, nine teachers (4%) were enrolled in a PhD,
and five teachers (2.24%) had finished their doctoral studies.
Once we obtained data from a sample, the next step was to analyze the items and the verification
of reliability. We had to check whether each item from the initial version measured the same attitude
as the other items. This is fundamental, in order to know if it is possible to sum its specific item score
in a total score that supposedly measures the attitude that we want to study, taking into account that
the total score of each person is one that will later be interpreted. This check was done through item
analysis, and we used the item–total correlation procedure, which is, properly speaking, the correlation
of each item with the sum of all others, or the correlation of each item with the total minus the item,
i.e., the corrected item–total correlation [44]. We wanted to check whether scoring high on an item
means, in fact, getting a high total score on the rest of the scale. When selecting our items, we had to
take into account the fact that those with scores that correlated most highly with the sum of all the
others are those that have more in common, and we can assume they measure the same as the rest.
However, the items that show non-significant or very low correlations in relation to the rest of the
items must be eliminated from the scale [44]. In addition, it must be taken into account that the process
does not have to be automatic, rather the researchers’ ideas about what they are trying to measure
need to be considered, so conceptual criteria must also be taken into account. Thus, in Appendix A we
show the total-element statistics of the items in the 57 item scale version, and in Appendix B we show
the total-element statistics of the items in the final version of 33 items; that is, these are the definitive 33
items that will be part of the scale (the complete items can be seen in Appendix C, translated from
Spanish). It is important to highlight that definitive items are numbered in the appendices and in
tables according to their sequence in the final instrument and in Appendix C (from ‘item 1’ to ‘item 33’),
while the eliminated items have been named through letters (from ‘eliminated item A’ to ‘eliminated
item X’).
Considering the above, this gives rise to an attitude scale of 33 items, with a reliability of α = 0.947.
Furthermore, we carried out factorial analysis as a method to check the construct validity of the
final version with the 33 items. As Morales, Urosa and Blanco [44] pointed out, factorial analysis
with the rotated factors allows us to appreciate whether we are measuring what we say we measure,
by clarifying the matters that underlie several variables, what items are defining each factor and how
these factors relate to each other, helping us to clarify the structure of the instrument and the construct.
In Table 1, we show data about the factors extracted in the analysis, and in Table 2, we show the rotated
component matrix for the 33 item final version of the scale.
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Table 1. Data about the factors extracted in the analysis (in the final version with 33 items).
Total Variance Explained 1
Component











1 12.837 38.900 38.900 12.837 38.900 38.900 6.402 19.400 19.400
2 2.115 6.410 45.310 2.115 6.410 45.310 4.360 13.211 32.612
3 1.866 5.656 50.966 1.866 5.656 50.966 2.742 8.308 40.920
4 1.129 3.421 54.386 1.129 3.421 54.386 2.415 7.319 48.239
5 1.100 3.335 57.721 1.100 3.335 57.721 2.106 6.383 54.621
6 1.043 3.161 60.882 1.043 3.161 60.882 2.066 6.261 60.882
7 0.963 2.919 63.802
8 0.940 2.849 66.651
9 0.783 2.373 69.024
10 0.754 2.284 71.308
11 0.710 2.150 73.458
12 0.689 2.088 75.546
13 0.639 1.937 77.483
14 0.613 1.859 79.342
15 0.577 1.749 81.091
16 0.546 1.656 82.746
17 0.501 1.518 84.265
18 0.466 1.412 85.677
19 0.457 1.385 87.062
20 0.442 1.340 88.402
21 0.416 1.262 89.664
22 0.399 1.210 90.874
23 0.390 1.180 92.054
24 0.348 1.053 93.107
25 0.329 0.997 94.104
26 0.307 0.929 95.033
27 0.282 0.853 95.886
28 0.278 0.842 96.728
29 0.258 0.782 97.509
30 0.235 0.711 98.221
31 0.229 0.694 98.915
32 0.211 0.640 99.555
33 0.147 0.445 100.000
1 Extraction method: principal component analysis.
Table 2. Rotated component matrix for the final version of the instrument with 33 items.
Rotated Component Matrix 2
Component
1 2 3 4 5 6
Item 4 0.730
Item 22 0.702
Item 12 0.690 0.305
Item 18 0.685 0.311
Item 28 0.680
Item 6 0.663
Item 10 0.611 0.309
Item 19 0.604 0.333
Item 17 0.593
Item 20 0.545
Item 14 0.535 0.440
Item 24 0.529 0.369
Item 23 0.528 0.385
Item 33 0.727
Item 25 0.722
Item 21 0.355 0.711
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Table 2. Cont.
Rotated Component Matrix 2
Component
1 2 3 4 5 6
Item 32 0.313 0.501 0.316 0.357
Item 1 0.690
Item 29 0.640
Item 30 0.320 0.616 0.311
Item 26 0.391 0.508
Item 13 0.866
Item 5 0.314 0.784
Item 8 0.416 0.610
Item 9 0.704
Item 16 0.633
Item 11 0.443 0.463
Item 15 0.664
Item 3 0.348 0.573
Item 7 0.349 0.526
2 Extraction method: principal component analysis. Rotation method: varimax with Kaiser normalization.
As we can see in Table 1, six factors were extracted that explain 60.882% of the total variance, taking
into account that, to determine the number of factors that have to be extracted, those components with
eigenvalues greater than 1 are conserved [49]. This also fulfils what was indicated by Nunnally [43],
because it is necessary to eliminate the factors in which no variable has a weight superior to 0.30,
and, as can be appreciated in Table 2, all factors have some variable with a weight greater than this.
In addition, it is necessary to take into account only those factors that are defined by at least three
items [44], which is what happens with our six factors (as can be seen in Table 2 in the different columns
for each component).
In order to interpret factor structure, we examined the saturations that, in each factor, obtained
the items of the scale [49] according to the results in Table 2. We attended mainly to those items with
the largest weights [44] and chose, in those cases where there are items that were saturated in more
than one factor, to place them with the factor in which they saturated the most.
As we can see in Table 2, the first factor is integrated by items 4, 6, 10, 12, 14, 17, 18, 19, 20,
22, 23, 24 and 28, and explains 38.9% of the variance (as we can see in the third column of Table 1).
We denominated it “educational possibilities”, because the items highlight the educational possibilities
of collaborative learning with video games. For instance, the greater the interaction between the
teacher and the students, the greater the students’ autonomy in their learning, the development of
students’ capacity for initiative and the possibility to explore ideas and concepts more fully.
The second factor is integrated by items 2, 21, 25, 27, 31, 32 and 33, and explains 6.41% of the
variance. We called it “positive disposition to implement activities” by incorporating those items that
include formulations showing interest, inclination or attraction towards the approach of collaborative
learning activities with video games, for example, showing interest to collaborate with other teachers
who implement these kinds of activities or showing interest to work in a school where this methodology
was supported.
The third factor is integrated by items 1, 26, 29 and 30, and explains 5.656% of the variance.
We called it “denial as educational methodology” because the items are related to the rejection of
collaborative learning with video games as a possible methodology to be applied in educational
practices, indicating that implementing this methodology is impossible and inappropriate. Taking
this into account, it is important to highlight that all the items in this factor are negative and, in the
analysis, it was necessary to reverse the score.
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The fourth factor is integrated by items 5, 8 and 13, and explains 3.421% of the variance.
We denominated it “concerns about neglecting the learning” by incorporating those items that are
related to teachers’ concerns about the implementation of this kind of methodology and the problem
of neglecting or not giving the required importance to learning by the students, such as taking learning
lightly and not putting effort into educational tasks. As for the previous factor, all the items in this
factor are also negative and, in the analysis, it was necessary to reverse the score.
The fifth factor is integrated by items 9, 11 and 16, and explains 3.335% of the variance.
We denominated it “useful and inclusive learning strategy” by incorporating those formulations
related to the idea of collaborative learning with video games methodology as a learning strategy
that allows the inclusion of all students and that allows learning relevant matters for their lives in the
complex and diverse world in which we live.
Finally, the sixth factor is integrated by items 3, 7 and 15, and explains 3.161% of the variance.
We called it “teacher denial due to loss of time” by incorporating those formulations in which the
teacher rejects this approach, considering it a waste of time in terms of class time and personal time.
In this case, the three items are negative and, in the analysis, it was also necessary to reverse the score.
The analysis of items shown, and the factorial analysis carried out, led us to confirm the selection
of the 33 items as elements for the final version of the scale. The scale has a reliability of α = 0.947,
with the reliability of each factor as following:
• Factor 1 “educational possibilities”: α = 0.921.
• Factor 2 “positive disposition to implement activities”: α = 0.876
• Factor 3 “denial as educational methodology”: α = 0.762
• Factor 4 “concerns about neglecting the learning”: α = 0.814
• Factor 5 “useful and inclusive learning strategy”: α = 0.662
• Factor 6 “teacher denial due to loss of time”: α = 0.696.
Finally, it should also be noted that, although we tried to have the same number of items in the
affective, cognitive and behavioural fields, the scale has the following final structure:
• Twelve items related to the affective field (items 2, 3, 5, 7, 8, 13, 21, 25, 26, 27, 29 and 33): α = 0.873
• Thirteen items related to the cognitive field (items 1, 4, 6, 9, 10, 12, 14, 17, 18, 20, 22, 24 and 28):
α = 0.904
• Eight items related to the behavioural field (items 11, 15, 16, 19, 23, 30, 31 and 32): α = 0.832.
5. Conclusions
Video games, gamification and collaborative learning are elements that can be implemented in
education because they generate student motivation and contribute to student learning in different
education system stages, as we saw in the theoretical framework of this article. However, the generation
of students’ motivation and students’ learning when teachers implement these resources in education
can also be influenced by the teachers’ attitudes towards these elements. In fact, the teacher’s
attitude towards a new resource or methodology is one of the main factors that contributes to its
implementation in educational practices. Therefore, it becomes relevant to know teachers’ attitudes
towards new methodologies and resources, which in our case is collaborative learning with video
games methodology, which brings together in a single methodology the advantages and criteria of
implementing video games and collaborative learning in education. For that reason, in order to know
and analyze these attitudes, validated and reliable instruments are required, which must be built with
a rigorous construction process. In this text, we showed the creation of an attitudes scale towards
collaborative learning with video games aimed at in-service primary school teachers, developed in
a rigorous way that enables us to know teachers’ attitudes towards this specific methodology. We believe
that the availability of this instrument in the scientific community will contribute to the study of this
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variable for other researchers who are interested in the area, as well as the development of other
measurement instruments related to the field of video games, gamification and collaborative learning.
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Eliminated item A 220.63 662.559 0.602 0.958
Item 2 220.62 665.282 0.551 0.958
Eliminated item B 220.87 668.153 0.483 0.958
Eliminated item C 220.62 672.471 0.386 0.959
Eliminated item D 221.07 664.586 0.448 0.958
Item 3 220.56 664.834 0.664 0.958
Eliminated item E 220.41 671.550 0.437 0.958
Eliminated item F 220.96 661.998 0.529 0.958
Eliminated item G 220.65 669.445 0.490 0.958
Item 16 220.64 667.935 0.582 0.958
Item 9 220.61 669.943 0.442 0.958
Eliminated item H 220.93 665.716 0.456 0.958
Eliminated item I 221.23 665.819 0.592 0.958
Eliminated item J 221.12 669.692 0.423 0.958
Eliminated item K 221.36 665.303 0.518 0.958
Item 14 221.05 664.462 0.577 0.958
Item 7 220.55 665.627 0.561 0.958
Eliminated item L 220.50 671.828 0.507 0.958
Eliminated item M 220.79 667.020 0.475 0.958
Item 17 221.23 663.963 0.611 0.958
Item 15 220.53 672.845 0.501 0.958
Item 12 221.16 662.172 0.575 0.958
Eliminated item N 220.65 672.014 0.433 0.958
Item 11 220.79 669.255 0.524 0.958
Item 10 221.18 666.826 0.479 0.958
Item 13 221.61 660.157 0.485 0.958
Item 19 220.91 667.343 0.554 0.958
Item 5 221.61 654.418 0.575 0.958
Item 23 220.79 666.146 0.593 0.958
Item 20 220.95 665.993 0.575 0.958
Item 18 220.99 664.225 0.629 0.958
Item 22 221.14 661.394 0.615 0.958
Item 27 220.74 660.407 0.705 0.957
Item 21 220.69 662.710 0.671 0.958
Item 6 220.93 664.099 0.639 0.958
Item 32 220.70 670.357 0.546 0.958
Eliminated item O 221.51 682.638 0.082 0.961
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Item 24 220.86 663.345 0.657 0.958
Item 4 221.13 662.594 0.566 0.958
Item 28 220.95 661.240 0.669 0.958
Eliminated item P 221.62 662.156 0.461 0.958
Eliminated item Q 221.37 663.378 0.541 0.958
Eliminated item R 221.19 660.165 0.615 0.958
Item 8 221.37 652.107 0.646 0.958
Eliminated item S 221.32 666.831 0.421 0.959
Eliminated item T 221.23 666.808 0.447 0.958
Eliminated item U 220.68 671.652 0.439 0.958
Item 26 220.88 662.683 0.560 0.958
Item 25 220.75 662.943 0.581 0.958
Item 29 220.95 662.006 0.568 0.958
Eliminated item V 220.70 664.472 0.593 0.958
Item 30 220.71 662.721 0.604 0.958
Item 31 220.88 663.152 0.630 0.958
Eliminated item W 220.69 669.108 0.488 0.958
Item 1 220.85 664.544 0.511 0.958
Item 33 220.68 666.913 0.565 0.958
Eliminated item X 220.65 663.824 0.585 0.958
3 Cronbach’s Alpha with 57 items: 0.959.
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Item 1 126.69 256.478 0.475 0.947
Item 2 126.46 256.384 0.536 0.946
Item 3 126.39 257.132 0.602 0.946
Item 4 126.97 253.008 0.614 0.945
Item 5 127.45 250.159 0.545 0.946
Item 6 126.77 254.438 0.677 0.945
Item 7 126.39 256.724 0.541 0.946
Item 8 127.21 249.408 0.596 0.946
Item 9 126.44 258.554 0.454 0.947
Item 10 127.02 255.779 0.521 0.946
Item 11 126.63 257.846 0.553 0.946
Item 12 127.00 253.189 0.606 0.945
Item 13 127.45 254.627 0.427 0.948
Item 14 126.89 255.253 0.587 0.946
Item 15 126.37 261.685 0.453 0.947
Item 16 126.48 258.088 0.564 0.946
Item 17 127.07 254.887 0.624 0.945
Item 18 126.83 254.574 0.664 0.945
Item 19 126.75 256.054 0.608 0.945
Item 20 126.79 255.798 0.604 0.945
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Item 21 126.53 253.989 0.692 0.945
Item 22 126.98 252.099 0.672 0.945
Item 23 126.63 256.179 0.611 0.945
Item 24 126.70 254.671 0.665 0.945
Item 25 126.59 254.450 0.585 0.946
Item 26 126.72 256.447 0.484 0.947
Item 27 126.58 251.875 0.753 0.944
Item 28 126.78 252.557 0.710 0.945
Item 29 126.78 254.197 0.559 0.946
Item 30 126.55 254.483 0.602 0.945
Item 31 126.72 254.600 0.635 0.945
Item 32 126.53 258.484 0.581 0.946
Item 33 126.52 257.323 0.553 0.946
4 Cronbach’s Alpha with 33 items: 0.947.
Appendix C
Items of “collaborative learning with video games attitudes scale” for in-service primary school
teachers (translated from Spanish).
1. Implementing video games for collaborative learning in educational practices is impossible.
2. I would like to implement collaborative learning activities with video games in educational practices.
3. If I implemented collaborative learning activities with video games in educational practices,
I would feel that I am wasting class time.
4. Collaborative learning with video games allows for greater interaction between the teacher and
his/her students.
5. I worry that collaborative learning activities with video games encourage students not to put
effort into educational tasks and activities.
6. Collaborative learning with video games allows students to jointly build knowledge about
curricular content.
7. I think receiving training in collaborative learning with video games is a waste of time.
8. I worry that collaborative learning with video games is a distraction from the course syllabus.
9. Collaborative learning with video games is a good strategy for the inclusion of students with
special education needs.
10. When working with video games in groups, students would pay attention to the opinions of
other students.
11. I would implement collaborative learning activities with video games to help students learn to
share responsibilities.
12. By working collaboratively with video games in educational practices, students would relate to
each other more easily.
13. I worry that collaborative learning with video games encourages students to take learning lightly.
14. Collaborative learning with video games allows students to learn to work autonomously.
15. If my students asked me to carry out collaborative learning activities with video games in
educational practices, I would refuse.
16. I would implement collaborative learning activities with video games to help students develop
useful life skills.
17. Collaborative learning activities with video games help to explore ideas and concepts more fully.
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18. Students have greater autonomy in their learning when they take part in collaborative learning
activities with video games.
19. I would implement collaborative learning activities with video games to increase the
students’ self-esteem.
20. Students would put more effort to share knowledge among them if they worked collaboratively
with video games.
21. I would like to encourage the curiosity of students through collaborative learning with
video games.
22. Video games facilitate the implementation of collaborative activities with students.
23. I would implement collaborative learning activities with video games to develop the students’
capacity for initiative.
24. When working collaboratively with video games, the explanations given among the members of
the group facilitate the understanding of the concepts.
25. I would like to work in a school where the implementation of collaborative learning activities
with video games with students was supported.
26. I would be overwhelmed if I had to implement collaborative learning activities with video games
with students.
27. I would like to develop the students’ creativity through collaborative learning with video games.
28. When working collaboratively with video games in educational practices, the interaction generated
with classmates increases the level of student learning.
29. I do not believe that collaborative learning with video games is an appropriate classroom
methodology that improves education.
30. If I had to implement new activities in the educational practices, they would never be collaborative
learning activities with video games.
31. If there were sufficient resources within the school, I would frequently implement collaborative
learning activities with video games.
32. I would implement collaborative learning activities with video games to facilitate the students to
learn the course syllabus.
33. I would like to collaborate with other teachers who implement collaborative learning activities
with video games in their educational practices.
References
1. Noraddin, E.M.; Kian, N.T. Academics’ attitudes toward using digital games for learning & teaching in
Malaysia. Malays. Online J. Educ. Technol. 2014, 2, 1–21.
2. Pastore, R.S.; Falvo, D.A. Video games in the classroom: Pre- and in-service teachers’ perceptions of games
in the K-12 classroom. Int. J. Instr. Technol. Distance Learn. 2010, 7, 49–57.
3. Tejedor, F.J.; García-Valcárcel, A. Competencias de los profesores para el uso de las TIC en la enseñanza.
Análisis de sus conocimientos y actitudes. Rev. Esp. Pedagog. 2006, 64, 21–43.
4. Anjomshoa, L.; Sadighi, F. The Importance of Motivation in Second Language Acquisition. IJSELL 2015, 3,
126–137.
5. Feng, R.; Chen, H. An Analysis on the Importance of Motivation and Strategy in Postgraduates English
Acquisition. Engl. Lang. Teach. 2009, 2, 93–97. [CrossRef]
6. Serrano-Cámara, L.M.; Paredes-Velasco, M.; Alcover, C.M.; Velazquez-Iturbide, J.A. An evaluation of students’
motivation in computer-supported collaborative learning of programming concepts. Comput. Hum. Behav.
2014, 31, 499–508. [CrossRef]
7. Gooch, D.; Vasalou, A.; Benton, L.; Khaled, R. Using Gamification to Motivate Students with Dyslexia.
In Proceedings of the 2016 CHI Conference on Human Factors in Computing Systems, San Jose, CA, USA,
7–12 May 2016; pp. 969–980.
8. Hill, V. Digital citizenship through game design in Minecraft. New Libr. World 2015, 116, 369–382. [CrossRef]
9. Ordiz, T. Gamificación: La vuelta al mundo en 80 días. Infanc. Educ. Aprendiz. 2017, 3, 397–403. [CrossRef]
81
Informatics 2019, 6, 30
10. Morillas, C.; Muñoz-Organero, M.; Sánchez, J. Can Gamification Improve the Benefits of Student Response
Systems in Learning? An Experimental Study. IEEE Trans. Emerg. Top. Comput. 2016, 4, 429–438. [CrossRef]
11. Quintero, L.E.; Jiménez, F.; Area, M. Más allá del libro de texto. La gamificación mediada con TIC como
alternativa de innovación en Educación Física. Retos Nuevas Tend. Educ. física deporte recreación 2018, 34,
343–348.
12. Hong, G.Y.; Masood, M. Effects of Gamification on Lower Secondary School Students’ Motivation and
Engagement. Int. J. Educ. Pedagog. Sci. 2014, 8, 3765–3772.
13. Corchuelo-Rodríguez, C.A. Gamificación en Educación Superior: Experiencia innovadora para motivar
estudiantes y dinamizar contenidos en el aula. EDUTEC 2018, 63, 29–41. [CrossRef]
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Abstract: Gamification has recently been presented as a successful strategy to engage users, with
potential for online education. However, while the number of publications on gamification has
been increasing in recent years, a classification of its empirical effects is still missing. We present
a systematic literature review conducted with the purpose of closing this gap by clarifying what
effects gamification generates on users’ behaviour in online learning. Based on the studies analysed,
the game elements most used in the literature are identified and mapped with the effects they
produced on learners. Furthermore, we cluster these empirical effects of gamification into six areas:
performance, motivation, engagement, attitude towards gamification, collaboration, and social
awareness. The findings of our systematic literature review point out that gamification and its
application in online learning and in particular in Massive Online Open Courses (MOOCs) are still a
young field, lacking in empirical experiments and evidence with a tendency of using gamification
mainly as external rewards. Based on these results, important considerations for the gamification
design of MOOCs are drawn.
Keywords: gamification; game elements; online learning; MOOCs; empirical studies; systematic
literature review
1. Introduction
It is often stated that gamification is a winning approach to ‘motivate’ people. Despite this belief,
and broad field of application, its empirical validation is still to be proven. Furthermore, the field lacks
an understanding of the main effects of gamification on short-, middle- and long-term. Gamification
design, implementation and effectiveness are related to the audience and the context of application;
nevertheless, a generalisation and analysis of current results and studies is needed to further improve
the field. In order to be effective, designers of gamification need to be aware of what the outcome/s
of a specific game element could be in a certain scenario and audience. This systematic literature
review is a contribution to the field by providing an overview and map of the game elements most
used in online learning environments, including Massive Open Online Courses (MOOCs), and their
empirically proven effect/s on human behaviours.
The focus on online learning and MOOCs is due to the fact that online learning in general has
several points in common and a number of differences with MOOCs in particular. To some extent, the
latter can be seen as a subcategory of the first. However, MOOCs are different from online learning
because they can help to scale up open learning opportunities [1]. MOOCs, taking advantage of
cutting-edge technologies and the Internet, are reaching a massive audience and, until the recent
past, they were free [2]. The MOOC phenomenon exploded in 2012, which was declared the year of
MOOCs [3]. In almost the same period, in 2011, the gamification phenomenon reached its first peak,
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with the elaboration of the most known definition elaborated by Deterding et al. [4] (‘gamification’
consists of the transfer of game design elements to a non-game scenario). Since then, gamification has
been applied to different fields (see Section 2); however, probably due to the concurrent development
of both MOOCs and gamification, there are few empirical applications of gamification to MOOCs.
Despite this yet scarce implementation of gamification in MOOCs, there are several limitations
in the current MOOC design for which gamification could be beneficial. High dropout and low
completion rates, and a lack of learner engagement are widely presented in the literature as MOOC
drawbacks [5]. Gamification could be adopted to increase the level of MOOCs users’ engagement,
in addition to enabling users to achieve their own goals within a MOOC scenario. Hence, recent
studies [6,7] suggest that completion rates alone are not a useful indication of MOOC success, but that
participants’ goals and intentions also need to be considered [8]. By applying gamification to MOOCs,
users could build their own plan and fulfil their personal goals within the course, and the deployment
of game elements within MOOC environments could additionally increase the engagement of their
users. Games, in particular Massive Multiplayer Online Role Playing Games (MMORPGs), are an
example of highly engaging, scalable, though still highly personalised, user experiences [9]. Looking
at games can be an option to find those elements that can be transferred to online learning, and more
specifically to MOOC environments, with the aim of overcoming the drawbacks highlighted above.
However, as mentioned above, there are still only a few examples of empirical studies of gamified
MOOCs, thus, in this study, we expanded the investigation by looking also at online learning, which
faces similar challenges, i.e., students’ dropout [10] and lack of engagement due to the development of
feeling of isolation [11]. In this perspective, after having detailed the state-of-the-art of the gamification
of MOOCs, the main research questions (Q) of this systematic literature review will be addressed:
1. What are the gamification elements mostly used in online learning environments?
2. What are the effects of these game elements on learners’ behaviour in online learning environments?
3. What factors need to be considered for designing effective gamification of online learning
environments, specifically MOOCs?
In an attempt to answer these questions, the paper is structured as follows: first, related works are
presented, with a focus on the application of gamification of MOOCs as an emerging application field
for gamification but still too young to be investigated in this work for its lack of empirical focus, then
the method of data collection and analysis of this systematic literature review is detailed, together with
the results consisting of the answers to the above reported research questions (Q1 and Q2). The study
is rounded off by replying to Q3 and summarising our conclusions, declaring the limitations of this
study and introducing our planned future work.
2. Related Works
Gamification effects have been investigated in several domains [12], such as banking [13], trading [14]
the medical field [15–17], marketing [18,19] or with the purpose of facilitating annoying tasks [20,21].
According to Dicheva et al. [22], the sector in which gamification has been applied the most is education.
In education, several literature reviews have been conducted to describe its state-of-the-art [22–24];
to report on the game elements most used in education [25]; to give an overview on the available
gamification design frameworks [26]; to investigate the effects of gamification on students in
face-to-face and blended situations [27–30].
Several systematic literature reviews, similar to this study, have been conducted to report on
the effects of gamification in online educational settings [31–33]. From these, it is possible to draw
the following conclusions: even though the number of publications on the use of gamification in
education has increased, the field suffers from (1) a lack of “true empirical research on the effectiveness
of incorporating game elements in learning environments” (p. 83), (2) inadequate “methodology
used in most of the empirical settings to test the effects of game elements” ([22], p. 83) and
(3) “heterogeneous study designs and typically small sample sizes, which highlight the need for
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further research” ([34], p. 1). However, despite all these lacunae, gamification has been judged to be a
field with potential, a didactic strategy that if well designed and implemented can really give a boost
to users’ engagement and motivation.
As far as the investigation of gamification in MOOCs is concerned, several (recent) literature
reviews [35–37] report that the field is still developing and lacks empirical studies. Thus, the majority
of the papers available are conceptual [6,38–45]. However, by digging into the literature, we found a
few studies, and four of these corresponded to our selection criteria (see Table 1). The first is Chang
and Wei [46], which represents a first attempt towards the empirical investigation of the gamification
of MOOCs. This study focuses on identifying the most suitable game elements to engage students
in MOOCs in two steps. Firstly, by conducting a focus group with 25 frequent MOOC users, aimed
at collecting the game elements that could trigger the engagement of users in an online setting like
an MOOC. The results of this first step was a list of 40 game elements. Secondly, the authors ran a
survey aimed at assessing the game elements (40) for their level of engagement (the survey involved
5020 MOOC learners). As a result of the survey data analysis, 10 game elements (virtual goods, three
different types of points, leaderboards, trophies and badges, peer grading, emoticon feedback and
two types of games) were identified with the highest level of engagement, as chosen by the majority
of the survey participants [46]. Unfortunately, we could not find a follow-up study more directed to
experimentally validating the hypothesis that these 10 game elements impact MOOC learners’ level
of engagement.
The second study from the same year is Borras-Gene et al. [47]; they used the platform MiriadaX,
for the implementation of their gamified cooperative MOOC (gcMOOC). Several external software
programs were used to manage the reinforcement of social aspects of the course, such as Instagram,
Google Hangouts and Google+; the game elements (badges) were also not integrated into the platform
but issued externally using Mozilla Open Badges. The data collected were both qualitative and
quantitative and, in the study, there are not explicit references to A/B testing or the division of
participants in gamified cooperative (gc) and plain conditions in the description of the method
applied. The conclusions presented are, however, promising for the application of gamification in an
environment such as MOOCs.
The third is Binti Mohd Nor Hisham and Sulaiman [48], who conducted an experimental study.
The authors [48] deployed the game elements scores, likes (a form of social scoring, similar to the
one used in Facebook), progress bars, group activities and rewards, and badges with the purpose of
increasing MOOC users’ engagement and completion rates. This study involved a total of fifty-three
participants, divided in a control group (non-gamified, thirty-one users) and experimental group
(gamified, twenty-two users). By comparing the two groups, the results show that there was no
significant difference for engagement, but more participants in the experimental group completed the
course compared to participants in the control group, therefore gamification impacted positively on
completion rates.
The fourth study is from Navío-Marco and Solórzano-García [49], which is a data-driven
exploratory study, that involved 3250 participants, investigating how gamification impacted course
completion rates. The MOOC was gamified by using badges and ‘karma points’, a kind of social
oriented scoring that works similarly to the ‘likes’ described above. MOOC participants, instead
of assigning ‘thumbs up’, used these points. In order to determine the effects of their gamified
intervention, Navío-Marco and Solórzano-García [49] did not perform an experimental study but via
the log data they described and categorised all the participants actions. Their analysis shows that there
was a relation between ‘karma points’ and completion rates: the participants with higher completion
rates were the ones with higher ‘karma points’.
Based on what has been presented in this paragraph, it is then possible to sum up the following:
gamification of MOOCs is a novel field and, from the few empirical studies available, it can be observed
that gamification is mainly implemented as a strategy to tackle the MOOCs’ drawbacks previously
described (completion rate and engagement). The game elements implemented are mainly external
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rewards, i.e., points, badges and scores. Therefore, a preliminary conclusion could be that the field
’gamification of MOOCs’ needs the support of all its researchers and developers to grow and establish
empirical evidence. As a consequence, the field needs studies designed, conducted and analysed with
rigorous experimental methodologies. Aware of this gap, knowing that gamification is not extensively
applied to MOOCs yet, we aim to investigate the effects of gamification in online learning environments
and explore if there are some lessons learnt that can be transferred to the MOOC scenario.
3. Methods and Data Collection
This systematic literature review follows the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [50], represented and described below (Figure 1):
Step 1—Find the right keywords combination
By analysing several literature reviews in the field of Gamification of MOOCs, it became clear
to us that there is a lack of empirical works. The few empirical studies available are dated back to
very recent years. Therefore, we chose to perform a search aimed at identifying empirical studies on
gamified MOOCs and narrow down the time span to the last year (from January 2018 to April 2019).
The database used for the search was the university’s digital library, which enabled us to simultaneously
access several databases: ACM Digital Library, EBSCO, SAGE journals, ScienceDirect (Elsevier), Taylor
& Francis Online, Wiley Online Library, Web of Science, Google Scholar, IEEEXplore, Springer Link
(and a lot more). The keywords combination applied for this query was “(gamification) AND ((MOOC*)
AND ((experim*) OR (evaluati*))”, where the first two terms refer to the field of interest, and the other
two to the study types we aimed to analyse.
As explained earlier, although our focus is on MOOCs, due to the limited number of empirical
studies, this systematic literature review also investigates the effects of gamification applied in online
learning environments. Therefore, we have included the terms ‘online’, ‘e-learning’ and ‘distance’,
resulting in the following keyword combinations “(gamification) AND ((MOOC*) OR (online) OR (online)
OR (distance) OR (e-learning) OR (education*)) AND ((experim*) OR (evaluati*))”. In addition, this time
we used the university database, filtering the search for the period (January) 2014 to (December) 2018.
Finally, to be sure to gain a high coverage of all available articles in the literature, we have decided
to perform a query on those databases that, according to our university library, contained the most
records, which were: Google Scholar, IEEE and Web of Science. In this case, we opted for a broader
keywords combination: “Gamification AND Empirical”, removing any reference in the query to the field
of application (i.e., ‘MOOC’, ‘online’, ‘e–learning’, etc.) (the keyword combinations: ‘gamification
AND effect’ and ‘gamification AND experiment’ were also used, but the results were not satisfying).
The period considered was, as above, (January) 2014 to (December) 2018.
Steps 2 to 5
Figure 1 represents and summarises step 2 identification, step 3 screening, step 4 eligibility, and
the final step 5, in which the number of papers included in this systematic literature review is identified.
To assure the quality of the data analysis and avoid biases due to personal interpretation, the process
described in Figure 1 was double-checked by the other two authors of the manuscript.
Inclusion and exclusion criteria for this systematic literature review are detailed in the
following Table 1.
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Figure 1. Flow chart of the systematic literature review process according to PRISMA.
Table 1. Criteria for paper selection (steps two to five of the five steps of the systematic literature
review performed, omitting the keyword selection).
Criteria Inclusion Criteria Exclusion Criteria
Step 2:
Identification
• The article refers to empirical studies
• The article is related to empirical
evidence in the field of gamification
and aims to map and/or present the
state of the art







• The article belongs to one of the groups:
Group 1—Literature Review
Group 2—Focus on Online/e-learning/MOOC
Group 3—Empirical study but not related to group 2
• Conceptual paper
• Not relevant literature review
• Paper already found in the other
libraries consulted (duplicate)




• The article focuses on game elements and presents
data from experimental studies, observational studies,
field experiments, quasi experiments
• The article combines Online/e-learning/MOOC and
empirical studies
• It presents gamification in general
• Experiment setting and purpose of
the study not in line with the current
literature review
• It has no focus on gamification but
on games
• It has no focus on Online/e-learning/
MOOC neither present empirical results
Step 5:
Included • After in-depth reading, it really addresses the criteria
• After in-depth reading, it does not really
embrace the criteria of selection
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4. Data Analysis and Results
The data analysis and results section is structured in accordance with the research questions. Q1
and Q2 will be addressed in the remainder of this section, while Q3 is addressed in the discussion
section. A precise overview of the studies, methods used, samples involved and environments,
is presented in the Appendix A, Table A1.
4.1. Q1: What Are the Game Elements Most Used in Online Learning Environments?
The lack of empirical studies within MOOCs, and the need to contribute to the field with more
awareness of what a single game element or a combination of those can produce as an effect on learners’
behaviour, resulted for us in also including in our review studies implemented in e-learning and online
learning scenarios (see Appendix A, Table A1). By analysing these studies, we tracked the game
elements used: there are 24 (see Appendix A, Table A2), some of them have been studied in isolation,
others in combination. More specifically, they are:
1. Badges, which are external rewards delivered to users once a goal is accomplished. They have
been analysed in 22 studies [47,51–71]
2. Leaderboards, a game element based on social comparison that enables a user to understand how
s/he is performing (showing the score and/or the position) in relation to others and the leader;
this has been adopted and investigated in 15 studies [51–55,58–60,62,63,70,72–75]
3. Points that are “a numerical representation of player success” [76]; in the literature, authors
also refer to these using the terms ‘score’ or ‘ranking’. They have been examined in
12 studies [52,53,59,61–63,66–69,71,72].
4. Feedback can be defined as information delivered to users related to their progress, achievements,
issues, or other aspects of their activities. Feedback can take several forms and can be delivered
asdirect or indirect information. Sometimes, a clue (information on how to solve a quest) can also be
considered feedback. This game element can be used in combination with other game elements, for
instance with leaderboards and badges. We tracked six studies related to feedback [61,66,67,70,71,77].
5. Challenges can appear in the form of quizzes or problems to be solved, in solo orteam mode. They
can be related to levels or/and to missions. We recorded the use of this game element in five
studies [53–55,66,72].
6. Likes, social features are widely spread on social networks, such as Facebook, which implies
supporting what another user communicates via a thumbs up (or smileys). Four of the papers
found refer to them [47,53,58,61].
7. Communication Channels “are the medium and the methods players can use to send messages
to other players” [76], an example in this sense are chats. These have been investigated in four
studies [51,53,54,61].
8. Narratives consist of using stories to pass information and intrigue users, often confused with
storytelling, which implies using a character to tell a story. We found that it has been used in four
of the studies [67,68,72,78].
9. Levels are strictly related to goals and have different degrees of difficulty. To move up a level, it is
generally necessary to reach (complete) all the goals of the current level. This game element has
been empirically investigated by four studies analysed [54,63,67].
10. Progress bars give the user information about his/her own improvement. This game element has
been examined by two studies [47,71].
11. Teams, referring to working in a team, collaborating with the members within; this was used by
two studies [47,72].
12. Agent, not to be confused with avatar or profile, is a virtual character by the system (not by the
user). In the literature, we have found two studies that implemented agent [71].
13. Medals, a form of external reward that have been investigated in two studies [55,69].
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14. Avatar is the virtual version of the player and has been introduced and investigated in two
studies [62,79].
15. Trophies are another form of reward for something users have achieved, like solving a level or
overcoming a challenge. They are considered in two studies [54,55].
16. Time limit considered by [62,70].
17. Task, which is generally connected with the previous one, but it has been considered by different
authors [79].
18. Virtual Currency is a type of reward in the form of virtual money; it has been investigated by [79].
19. Personalising features; refers more to features typical of games in which the player can personalise
the look and the outfit of the avatar/character; these were discussed in one study [69].
20. Mission, which is a type of challenge, generally connected with task and time limit, and it has been
investigated by [69].
21. Replayability is the possibility given to users to re-do an action if, at the first attempt, he/she did
not succeed. It was investigated by one study [65].
22. Goal Indicators can be combined with several game elements such as levels and missions, and it
has been examined by [67].
23. Competition, usually within teams and or player vs. player; this has been presented in one
study [69].
24. Win State very typical of the game world, but it has been considered only by one recent study [72].
4.2. Q2: What Are the Effects of These Game Elements on Learners’ Behaviour in Online Learning Environments?
A query of the literature has been done to close the identified gap related to the investigation
and definition of what the effects of gamification are on users’ behaviour within online environments.
From our analysis, we identified mainly six categories of effects of gamification on learners’ behaviour
and characteristics: (1) performance; (2) motivation; (3) engagement; (4) attitude towards gamification;
(5) collaboration; and (6) social awareness. In the following section, the effects per category are
described and then summarised in the Appendix A, Table A3 and matched with the game elements in
Table A4.
1. Performance
Grant and Betts [57] examined the influence of badges on (1,295,620) users’ performance (activity
in web forums); the positive impact of badges on users’ performance were investigated by
Hakulinen et al. [58]’s study, who investigated badges, within an online learning environment
(involving 281 students) and their impact on the carefulness of the performance (looking at
significant differences in terms of time spent per submission and number of attempts per exercise),
highlighting the fact that badges can affect students’ behaviour in terms of time needed to perform
and precision in the performance increasing students’ carefulness. “Students in the treatment
group spent more time per submission on average” (p. 23), showing a higher level of carefulness
compared to their colleagues in the control group [58]. In a similar scenario, an online learning
course (involving 150 students), Kyewski and Krämer [64] investigated the effects of badges on
learners’ performance, and, in contrast to the studies previously detailed, recorded a negative
effect of badges on learners’ performance.
Leaderboards were the focus of studies by Landers and Landers [75] and Bernik et al. [51],
both implemented in an online learning scenario. The first (involving a total of 86 participants)
aimed to study the effect of the game element leaderboard on learners’ academic performance,
looking at the amount of time spent on a task (consisting of a wiki project). As a result,
users in the treatment group (with leaderboard) increased their time-on-task performance [75].
The second, Bernik et al. [51] (involving a total of 55 students), looked at performance comparing
the achievements of the control and treatment groups. Students in the treatment group had much
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better achievements, when comparing the average results in the post-tests performed by the two
groups [51].
The single game element narrative was studied by Armstrong and Landers [78], who tested how
users would perform and react to gamified training, finding that participants in the gamified
condition reacted better to the training than their colleagues in the control (non-gamified)
condition [78].
Several studies have investigated the effects of gamification on users’ performance by combining
different game elements. Four game elements: challenges, leaderboards, trophies and medals
were implemented by Domínguez et al. [55] within an e-learning platform. To study the effects of
their plugin on students’ learning performance, they compared the scores achieved in several
activities by participants in both control (non-gamified) and treatment (gamified) groups. The data
analysis showed that students in the treatment group performed better than those in the control
group in the initial activity, and in the majority of the assignments. Negative effects of the
gamification approach were instead reported for the final examination, where students in the
treatment group registered a significantly lower score [55]. Tsay et al. [70] also opted for four
game elements: immediate feedback; badges; leaderboard and time limits. By comparing the
scores of the two groups (control-non-gamified and treatment-gamified), the authors highlighted
that students in the gamified condition performed better (higher score) than their colleagues in
the control group. Finding that their performance was mediated by their level of engagement,
the students in the gamified condition were more engaged and therefore had better performance
compared to their colleagues in the control condition [70].
The study of De-Marcos et al. [79] aimed to determine which of these five different conditions:
plain, educational game, gamification, social networking and social, was the most effective on
learning performance (75 undergraduate students were involved). Participants, distributed into
the different conditions, were asked to perform five different tests (word processing, spreadsheets,
presentation, databases and final examination). In the comparative analysis, it was demonstrated
that all the experimental conditions outperformed the control group in three of these tests (word
processing, spreadsheets and presentation). The authors concluded that gamification impacts on
learning performance when it is combined with social approaches [79]. Similar conclusions were
drawn by Krause et al. [62], who showed that social gamification increases learning success (see
details of this study in the engagement section).
Long and Aleven [65] studied the effect of a gamified Intelligent Tutoring System (ITS) on
students’ learning and enjoyment (involving 267 students). The game elements selected were:
rewards (Rwd) for good performance; and replay (RePl), the chance to complete a task again
(in this case a problem already solved). The four different conditions were analysed combining
the two game elements (RePl + Rwd; No-RePl + Rwd; RePl + No-Rwd; No-RePl + No-Rwd)
and the most effective combination for students’ learning was replay without rewards (RePl +
No-Rwd) [65]. Students under the condition with both replay and rewards activated, performed
significantly worse than their colleagues exposed to the other three conditions of the study.
No significant effects were found when comparing the two groups in terms of enjoyment [65].
Two studies recorded the effects of gamification on performance in terms of goal commitments.
The first by Landers et al. [74] reported on a quasi-experiment (involving 339 university students),
to better understand how leaderboards can enhance user performance and influence goal
commitment, or vice versa [74]. Participants were randomly assigned to one of five conditions
(do-your-best, easy goal, difficult goal, impossible goal and leaderboard). With their study,
Landers et al. [74] demonstrated that the leaderboard condition was the most influential and
that the goal-setting theory is suitable to understand and explain leaderboard effects on users’
performance: “commitment moderates the success of leaderboards as goal-setting theory would
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predict” ([74], p. 5). In accordance with the goal-setting theory [80], goal commitment and
performance are directly related to each other, “goals are only effective if people are committed
to them, and performance is maximised when individuals are committed to difficult, specific
goals” ([74], p. 5). The results showed that users in the leaderboard condition performed better
than those in the other conditions. Participants in the leaderboard condition were “likely to target
the top or near-top goals presented on that leaderboard, even without specific instructions to
target those goals” ([74], p. 6). The second study, conducted by Hakulinen and Auvinen [81],
focused more on goal orientation. The authors studied the relationship between the achievement
of badges and goal orientations, they hypothesised “that students with different goal orientation
profiles respond differently to badges” ([81], p. 9). Their study was conducted in an online
environment (involving 278 students) divided into a control (non-gamified) and a treatment
(gamified) group. They “found no statistically significant differences in the behaviour of the
different goal orientation groups regarding badges. However, their attitudes towards the badges
varied” ([81], p. 16).
2. Motivation
The effect of rewards in the form of badges on learner motivation was studied by Kyewski and
Krämer [64]. They first measured the participants’ level of the intrinsic motivation before the
intervention. Subsequently, they checked: (1) if the intrinsic motivation level changed in relation
to participants earning the badge; (2) if the level of intrinsic motivation changed compared
to the beginning (higher intrinsic motivation for those who had a low level at the beginning
and vice-versa, lower for those who declared a high level of intrinsic motivation). No effects
of badges were found on students’ intrinsic motivation. These results contradicted a study
conducted in similar conditions (participants from the university level, working in an online
learning environment) by Hakulinen et al. [58], reporting that the majority of participants declared
being motivated by badges and concluding that “achievement badges seem to be a promising
method to motivate students” ([58], p. 18). The positive effect of badges on learners’ motivation
was confirmed by Gooch et al. [56], who conducted their study in Moodle but with a small group
of children with a learning disability (dyslexia). Based on their findings, badges significantly
improved students’ motivation [56].
Dyslexic students (40 were involved) were also the target audience of Saputra [67]’s study, who
adopted the following game elements: narrative, goal indicators, levels, scores, feedback and
badges, highlighting that these game elements produce positive effects on students’ engagement,
enjoyment and motivation in the short term. A longitudinal study instead was conducted by
Hanus and Fox [60] to assess the effects of badges and leaderboards on students’ motivation,
as well as on social comparison, effort, satisfaction, learner empowerment, and academic
performance. Two classes (gamified and not-gamified) were set up and the results showed
that, over time, students in the gamified course presented less motivation, satisfaction and
empowerment compared to those involved in the non-gamified class [60].
The study of Utomo and Santoso [71] was implemented in an online learning environment
to test the effects of a ‘pedagogical agent’ on students’ motivation and behaviour towards
learning. The agent activity was enhanced with the adaptation of some game elements, such
as progress bar, badges, scores and feedback. Based on students’ evaluation, the authors
concluded that personalised feedback in real time boosted learners’ motivation “toward active
learning behaviour” ([71], p. 7). Badges, as well as points and leaderboards, were used also by
Huang and Hew [59], who gamified an SPSS (Statistical Package for Social Sciences) course in
‘Moodle’, showing that badges and leaderboards motivated most of the learners. Points engaged
students and stimulated them to undertake challenging tasks and extracurricular learning, while
“learners in the control group did not attempt any challenge” [59]. The same game elements
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were implemented in LOPUPA (Learning On Projects of United Promotion for Academia),
a gamified platform proposed by Kuo and Chuang [63] implemented with the purpose of
engaging and motivating online academic dissemination. Based on the data collected via the
platform (as well as google analytics), and the feedback given by participants by filling in a
questionnaire, the authors showed increased engagement and motivation of the participants
that used the platform [63]. Similar conclusions were reached by Domínguez et al. [55] who, in
their study, also investigated the effect of their gamification design, described above, on students’
motivation, stating that “gamification in e-learning platforms seems to have the potential to
increase student motivation, but it is not trivial to achieve that effect, and a big effort is required
in the design and implementation of the experience for it to be fully motivating for participants”
(p. 391).
3. Engagement
Kyewski and Krämer [64] found that earning badges in an online learning environment did not
increase students’ level of activity, which was used as a measure of engagement. Furthermore,
data “revealed that students in the no-badge condition who did not earn badges were even more
active than students in the gamification conditions” ([64], p. 32). This contradicts previous
research findings, such as those reported by Sitra et al. [68], suggesting positive effects of
badges on students’ engagement, even though they tested it within a different population
(small number of students with special needs), using an LMS system-Moodle similar to Kyewski
and Krämer [64]. Badges as well as narrative, score/ranking, levels, and quests are covered
in the study of [69]. They aimed at investigating whether these game elements affect learners’
motivation and engagement on a peer assessment platform. By comparing the results of control
and treatment groups, they found that the number of elaborated essays as well as the number of
corrected essays were higher for participants in the treatment group. Therefore, the data indicated
that gamification stimulated students to use the platform more, thus enhancing engagement [69].
The following three studies underlined how the ‘social factor’ is important for engaging students.
Firstly, Krause et al. [62] set up three conditions in ‘Moodle’ (plain–no game elements, game–with
game elements, social-with social game elements). In particular, the game condition consisted
of implementing, in an online environment (Moodle), game elements such as: avatars, badges,
points, leaderboards and time limits. The social-game condition included all the game elements
listed above and in addition integrated social game elements encouraging competition among
students, also in remote mode, via pre-recorded actions, mainly by using the leaderboard and
mechanism of social comparison. The purpose was to understand the differences (if any) between
gamification and social gamification on students’ retention and learning success. The data
showed that learners in the social game condition were more engaged compared with their
colleagues in the plain condition, and the social game elements enhanced gamification effects on
retention and success [62]. Secondly, De-Marcos et al. [54] set up a quasi-experimental design
with five conditions (control group, non-gamified, gamified, social non-use, social use) with
the purpose of understanding the effects of ‘social networking’ and ‘gamification’ on students’
academic achievement, engagement and attitude in an undergraduate course [54]. The game
elements implemented were: badges, challenges, leaderboards, levels, trophies and forum. The
data revealed that both gamification and social networking were perceived positively by students,
therefore an improvement of participants’ attitude towards these approaches was recorded,
while no significant statistical differences were found in students’ academic achievements or
engagement [54]. Thirdly, Mazarakis [77] conducted a study on using feedback mechanisms,
testing four types of feedback to increase user engagement, i.e., participation in the course wiki:
(1) gratitude feedback: this expressed thankfulness without giving any further information to the
users, (2) historical: this gave information about users’ activities and contributions, (3) ‘relative
ranking’: showing relative user rank, and (4) ‘social ranking feedback’: this aimed at providing
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information about the points and activated competition via ranking comparison. The results
showed that providing feedback mechanisms can enhance participation. Among the feedback
mechanisms tested, the one enabling social comparison (called ‘social ranking feedback’) was the
most effective feedback [77]. More focused on the attitude towards gamification is the study of
Aldemir et al. [72], included in this dimension because it deals also with the aim of increasing
students’ perception of others within an online educational scenario. The study investigated in
particular the participants’ attitude towards leaderboards, challenges, narratives, teams, badges
(and rewards in general) win-states, points, and ‘constraints’, providing generally positive
results and “insights about game elements integrated into a gamified course in both online and
face-to-face sessions” ([72], p. 251).
4. Attitude towards gamification
The following authors: Bernik et al. [51], Hakulinen et al. [58], Aldemir et al. [72], whose work
is already presented above, have also all studied the effects of their gamification designs on the
attitude towards gamification, reporting all positive responses of the participants in this matter.
In the same line is the study of [54], who in an online learning scenario set up a quasi-experiment
with the purpose of studying the effect of social networking and gamification on student academic
achievement, participation and attitude towards gamification. The participants were split into
three conditions: gamification (114); social network (185) and control (75). In the gamified
condition, the following game elements were displayed: badges, challenges, leaderboards, forum,
levels and trophies. A survey was completed by both the experimental groups to assess learners’
attitudes towards gamification and social networks. The results showed a positive effect on users’
attitude towards gamification; no significant effects were found on performance improvement
and neither on written examinations. Regarding academic achievement, it was better for the
social network participants [54].
5. Collaboration
Knutas et al. [61] studied the effects of a gamified online discussion system on users’ collaborative
behaviour and communication (involving 249 students). The system was used during an existing
university course ‘introduction to programming’ for fourteen weeks. The major aim of the
gamified online discussion system was to facilitate contributions for effective discussions.
Therefore, to enhance peers’ contribution and communication, users were enabled to ‘like’ or
‘unlike’ the comments of their peers. In addition, a reward feedback system was implemented
for the users who were contributing. To determine the effects of the described gamified online
discussion system on users’ collaborative behaviour and communication, several tools were
used, such as surveys, interviews and Social Network Analysis (SNA). From the data analysis,
it was possible to conclude that the gamified online discussion system increased student
collaboration and course communication efficiency by reducing response time to students’
questions. In particular, the survey showed that skilled students liked the gamification features
(consisting of the discussion system and rewards) and Knutas et al. [61] concluded that the game
elements stimulated users to contribute more by giving more answers and proposing more
questions. Part of this dimension is also in the Aldemir et al. [72] study, described above, who
point out that, in using the team game element, the balance of "the team skills" is important,
enabling the right level of competition and collaboration within the team.
6. Social awareness
Two studies were dedicated to the “social awareness” that gamification can generate:
Aldemir et al. [72], Christy and Fox [73]. In particular, [73] set up a study on leaderboards, aimed
at investigating whether interaction with a leaderboard (with male vs. female leaders) produced
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effects in the social comparison condition or led to stereotype threats and effects on academic
performance. Their data showed that “leaderboards appear to have inspired social comparison
processes” (p. 74) more than ‘stereotype threats’ [73]. The second study by [72] adopted “teams”,
another game element that can enable participants, in an online learning course, to be aware of the
others and thus facilitate community building. Using the authors’ words: “Community-building
process is affected by the interaction and relationship between teammates, implying that good
communication facilitates community building. Another implication is that, the fewer people
in a team, the easier it is to communicate; therefore, the teams should be small community
building” ([72], p. 250). Based on the qualitative data collected by Aldemir et al. [72], participants
reacted positively to this game element, with positive effects on learning achievement.
Several studies have analysed moderating factors of gamification effects, specifically considering
gender, personality and lifestyle (work) of the participants. Pedro et al. [66]; Tsay et al. [70]; and Codish
and Ravid [52] studied respectively whether gamification had different effects on female and male
students; on participants with different lifestyles (part-time or full-time job); and on extroverts vs.
introverts. It turned out that, according to Pedro et al. [66], males are more influenced by gamification
(in particular by eternal rewards, such as: points, badges, feedback, scores and challenges) compared
to females. However, the situation changes if the population works part-time, indeed according to
the results of Tsay et al. [70]: “The gamified course [. . . ] was particularly beneficial to learners who
were working part-time and female students” ([70], p. 32), while, according to Codish and Ravid [52],
extroverts connect playfulness with badges, rewards and points while introverts tend to prefer an
offline leaderboard.
5. Discussion
In this systematic literature review, we have investigated and reported on the effects that
gamification can generate on human behaviour, within MOOCs and online learning environments.
Three research questions have been addressed.
Q1 relates to game elements used most in online learning environments, which are, in order of
frequency of usage: badges/rewards (most used); leaderboards and points/score/ranking. Addressing
Q2, we clustered the effects of these game elements in six dimensions: performance, motivation,
engagement, attitude towards gamification, collaboration and communication, and social awareness.
We highlighted the application scenarios and characteristics of each study by underlining what type of
effects a specific game element or combination could generate on users.
Both the game elements examined in the studies included in this systematic literature review and
their effects have been matched and are presented in the Appendix A, Table A4. By correlating the
game elements most used in online learning and the effects they generate on learners, it is possible to
notice the following:
• Effects of badges/rewards are observed on motivation, attitude toward gamification use, and
performance in terms of time management, engagement, emotional states, and enjoyment.
Effects of badges may vary according to gender and personality, and, if perceived as controlling
and restrictive, they may negatively affect motivation and engagement. They can be used to
set clear goals or to stimulate social comparison, both variables that have a positive effect on
performance (in the training field, specifically).
• Effects of leaderboards have been found on attitude toward gamification use, learning performance,
performance in general, engagement, enjoyment, and goal commitment, by engaging students in
difficult tasks. Effects generated by leaderboards vary according to personality. Just like badges,
leaderboards can enable social comparison that can positively influence performance. More
specifically, the game element leaderboards provides information about points, scored by users,
which activates social comparison and competition among them and achieve, as effects, higher
participation and engagement, in particular at the cognitive level [77].
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• Effects of point/score/ranking have been reported related to motivation, attitude toward gamification
use, learning performance, performance in general, engagement, enjoyment and emotional
states. Effects of point/score/ranking may vary according to personality and gender. They can
foster social comparison and thus also influence performance. Furthermore, the game element
points/scores/ranking enhanced the level of users’ engagement so much that they were
stimulated to undertake challenging tasks and target “top or near-top goals” in terms of
difficulties [74].
In relation to the lessons learnt from the application of gamification to online leaning environments,
transferrable to MOOCs and, therefore, Q3, the following considerations are made. First, the
gamification of online learning environment design addresses similar problems that MOOCs have:
motivation, performance, and engagement. Second, from the studies found, it is possible to highlight
the multidisciplinary character of gamification and its design. The third and most important lesson
learnt is that each game element “should be carefully chosen [...] to avoid gamification from being
just unnecessary eye candy” ([81], p. 28). As in the MOOCs, field external rewards are largely used in
online learning. While, on one side, they are easy to be implemented, it is important to keep in mind
that their meaning and purpose can be easily misunderstood by the receivers Kyewski and Krämer
[64]. Hanus and Fox [60] explained that, when an audience is already motivated, the reward strategy
might be perceived negatively, “interpreted as controlling, causing students to feel less confident,
to be less satisfied with the course, and to have less motivation to engage with the material” ([60],
p. 159). This result is in line with the Cognitive Evaluation Theory (CET) [82], which predicts that
external events can harm intrinsic motivation “based on whether individuals process those events as
informational or controlling” ([60], p. 153). Therefore, if a reward, such as a badge, is used as mere
‘candy for the eyes’, then gamification could be far from beneficial.
Summing up, the following factors need to be considered in designing gamification for MOOCs:
A first “vital aspect of gamification design is the context of application” ([83], p. 3). In the framework
of this study, the application scenario is MOOCs. MOOCs can appear in several formats, but they all
have a common denominator: a massive audience, which implies an enormous differentiation in users’
culture, age, prior knowledge, background, languages, intentions, etc., all factors that need to be taken
into consideration in designing an intervention within such an environment. The second factor is the
problem, which determines the aim of the intervention: it can differ from case to case (and can be, for
instance, related to lack of personalisation, of engagement, high user dropout rate, etc.). The third
factor is the selection and the design of the most appropriate game elements in accordance with the
problem to be addressed and the desired effect/s. In this case, the definition of a theoretical framework
that supports the design of your game elements, as well as your approach will be of added value.
MOOCs are online learning scenarios, with their own peculiarities. These are due essentially to
the massive audience and the technology used (platform) and its openness, implying with openness
the degree of manoeuvre that designers and developers have in directly intervening on the platform,
which is a factor that can drastically impact on the gamification design choices, the effectiveness of the
implementation and the intervention in an MOOC scenario.
Last but not least, it is important to also consider the evaluation phase when designing the
gamification of MOOCs (or other application scenarios). By conducting rigorous research in the field
of gamification applied to online learning environments, the awareness about its potential and limits
can be increased and the field can grow further.
6. Future Work
This systematic literature review had the general purpose of contributing to the field by increasing
awareness about the empirically tested effects of gamification on human behaviour in online learning
environments. To raise this awareness, the state-of-the-art in the ‘Gamification of MOOCs’ has been
presented. Subsequently, the game elements most used in online learning scenarios (Q1) have been
identified, and their effects on users’ behaviours (Q2). Then, the lesson learnt from online learning has
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been transferred to MOOCs and the steps needed to design gamification of MOOCs have been drawn
up (Q3).
Our conclusion and analysis is in line with Nacke and Deterding [83], who underline that
“gamification research is maturing ([83], p. 4), and there have been steps forward aiming at
understanding the effects of gamification; however, “many studies are still to some extent comparing
apples with oranges, testing different implementations of design elements with different effect
measures” (p. 3). In relation to the design of gamification, other game design elements are introduced
but still PBL (points badges and leaderboards) remain the favourite.
In our future work, we aim to conduct rigorous research with the aim of, from one side, contributing
to the field with a framework on how to design proper gamification Antonaci et al. [42] and, from the
other, on how to study the effects of our design on human behaviour, contributing to the growth
of the field with empirical data and studies. Furthermore, we aim in future work to demonstrate
that gamification can be applied in a more sophisticated way than just PBL, a gamified way that can
be easily confused with a simple ’candy for the eyes’, and an external reward system that does not
consider the variegated characteristics that an MOOC audience can have. More specifically, in our
future studies, we aim to design an intervention, using gamification to tackle the problems we have
identified in MOOCs (lack of engagement and goal achievement of MOOC users). From the literature,
we could deduce that, to enhance engagement within an online learning scenario, the ‘social aspect’
plays a strategic role. In a recent study, Tseng et al. [84] analysed the social presence in games and the
factors that make game communities powerful. In addition, they also underlined the factors that retain
players in a specific group or ‘guilds’, which are: firstly, sense of community (membership, sense of
belonging) that positively impacts retention and ‘relation switching cost’ [84]; secondly, interdependence
that can be described as the “degree to which members in a community rely on each other to make
decisions and take actions” ([84], p. 603). Hence, as future work, to address the lack of engagement
of MOOC users, we aim to identify game elements that can generate a sense of community and
interdependence. Our hypothesis is: if MOOC users generate a sense of community, then their level of
engagement and retention will increase.
As far as the enhancement of MOOC users’ goal achievement via gamification is concerned,
in previous studies, we have identified the Implementation Intention theory by Gollwitzer [85] as
promising for designing our game element/s. This theory shows that, if a person makes a precise
plan (detailing the when, what and how of reaching her/his own goal), taking also into account what to
do if an inconvenience occurs, the chance of reaching her/his goal/s will be higher compared with
people that only have an intention [86]. Our hypothesis is if MOOC users have the chance to make a
plan, according to the implementation intention theory, then their goal achievement will be higher compared
with users that do not make a plan. Considering that, in this study, none of the studied game elements
enable MOOC users to develop a sense of community or implement an intention, we will expand our
analysis looking at game elements collections such as Björk and Holopainen [76] and type of games
such as Massive Multiplayer Online Role Playing Games (MMORPGs) that might match our needs.
Once identified, we will validate the game element selection involving experts from the fields of game
design, pedagogy and instructional design. In the end, an experimental study will be set up based on
our hypothesis to test, analyse and validate the empirical effects of all our selected game elements on
engagement (sense of community) and goal achievement of our MOOC learners.
7. Limitations of This Study
Several shortcomings can be identified with two major limitations: firstly, the fact that a very
limited number of studies were available in the literature with a specific focus on gamification of
MOOCs. Secondly, to map the effect of a specific game element in a certain scenario, a meta-analytic
approach would have been more suitable. However, due to the diversity in the studies, the sample
and the methodologies applied, it was not possible to conduct a meta-analysis that could determine
more precisely the effects of each game element in an online scenario.
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Appendix A
Table A1. Methods used in the studies included in this systematic literature review, with details about
sample and environment gamified.
Study Method Sample Environment
Bernik et al. [51] Pre-post survey 55 (28 + 27) e-learning
De-Marcos et al. [53] Experimental 75 e-learning
De-Marcos et al. [54] Quasi- exp 318 (62 + 111 + 146) e-learning
Domínguez et al. [55] Quasi- exp 173 (62 + 111) e-learning
Borras-Gene et al. [47] Mixed Methods 3866 MiriadaX
Gooch et al. [56] Pre-post tests 22 (10 + 10 + 2) ClassDojo
Armstrong and Landers [78] Experimental (two courses compared) 273 e-learning
Hakulinen et al. [58] Experimental 281 online learning
Christy and Fox [73] Experimental 76 online
Aldemir et al. [72] Empirical (observation, interviews, documents) 118 e-learning
Huang and Hew [59] Quasi- exp 40 (21 + 19) online learning
Knutas et al. [61] Empirical (SNA, survey, interviews) 249 online learning
Krause et al. [62] Experimental 206 (71 + 67 + 68) Moodle
Kuo and Chuang [63] Empirical (surveys, web analytics) 73 LOPUPA
Kyewski and Krämer [64] Experimental 126 Moodle
Long and Aleven [65] Experimental 190 online learning
Utomo and Santoso [71] Empirical (questionnaire and focus groups) 31 Moodle
Tsay et al. [70] Empirical (two versions of the course compared) 136 Moodle
Pedro et al. [66] Empirical (questionnaire) 16 E-Game
Saputra [67] Empirical (observation and questionnaire) 40 e-learning
Sitra et al. [68] Case Study 5 Moodle
Tenorio et al. [69] Experimental 32 MeuTutor
Mazarakis [77] Experimental 436 online learning
Landers et al. [74] Experimental 240 online learning
Landers and Landers [75] Experimental 109 online learning
Codish and Ravid [52] Empirical (questionnaire) 102 (58 + 44) online learning
Grant and Betts [57] Experimental 1,295,620 Stack Overflow
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Table A2. Map of the game elements most used in online learning environments.
Game Elements No. of Studies References





Likes (social features) 4 [47,53,58,61]
Communication Channels 4 [51,53,54,61]
Narrative 4 [67,68,72,78]
Levels 3 [54,63,67]






Time Limit 2 [62,70]
Task 1 [79]
Virtual Currency 1 [53]
Personalising Features 1 [79]
Missions 1 [69]
Replayability 1 [65]
Goal indicators 1 [67]
Competition 1 [69]
Win State 1 [72]
Table A3. The users’ behaviour and characteristics affected by gamification.
Cluster Effects References






Attitude towards gamification [47,51,54,58,72]
Collaboration
(and communication) [61,72]
Social awareness Community building [72]Social comparison [73]
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Abstract: Incorporating gamification into training–learning at universities is hampered by a shortage
of quality, adapted educational video games. Large companies are leading in the creation of
educational video games for their internal training or to enhance their public image and universities
can benefit from collaborating. The aim of this research is to evaluate, both objectively and subjectively,
the potential of the simulation game BugaMAP (developed by the MAPFRE Foundation) for university
teaching about insurance. To this end, we have assessed both the game itself and the experience
of using the game as perceived by 142 economics students from various degree plans and courses
at the University of Seville during the 2017–2018 academic year. As a methodology, a checklist
of gamification components is used for the objective evaluation, and an opinion questionnaire on
the game experience is used for the subjective evaluation. Among the results several findings
stand out. One is the high satisfaction of the students with the knowledge acquired using fun and
social interaction. Another is that the role of the university professors and the company monitors
turns out to be very active and necessary during the game-learning sessions. Finally, in addition
to the benefits to the university of occasionally available quality games to accelerate student skills
training, the company–university collaboration serves as a trial and refinement of innovative tools for
game-based learning.
Keywords: gamification; university; education; serious video games; game-based learning; professors;
video games design; knowledge; skills training; digital technologies; automated learning
1. Introduction
Gamification is one of the great technological advances of the last decades. It has been developed
mostly inside the video game industry in an effort to improve the attractiveness of its entertainment
products. Recently, such know how is being transferred to a wide variety of sectors such as education
and training, health and fitness, transport, service-marketing, environment, corporate management,
welfare initiatives, politics, etc. [1,2], with the purpose of designing gamified experiences, simulation
games, or serious video games that will increase their activity performance. In 2018, the video game
industry turnover amounted to $137.9 billion worldwide, which is higher than the volume of the music
business. Of this amount, 87% is derived from digital businesses via the internet [3]. The number of
players in the world is already 2.3 billion, 47% of whom are women. The growth rate of the sector is
8% per year with serious video games having an increasing weight in that growth.
Gamification applied to university teaching is the focus of our study. Gamification can be defined,
specifically when applied to the education sector, as a system of procedures for the flexible application
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of game playing elements to skills development and/or knowledge learning. It follows the line of the
generally accepted definition proposed by Djeerling, Dixon, Khaleed, and Nacke: “Gamification, as the
use of game design elements in non-game contexts” ([4], p. 9). The term gamification is also used when
just one or very few game design elements are applied without producing a game as such. That was
the focus of some research on gamification in Hamari’s work on the impact of “badges” in customer
engagement [5] or the study on gamification in education by Dicheva, Dichev, Agre, and Angelova
who excluded games as such [6]. Besides, the debate on the categories for classifying, either game
design elements or implementation impacts, remains quite open because gamification brings together
multidisciplinary aspects where game design technology and human–computer interaction (HCI)
increasingly share this space with social sciences like psychology, pedagogy, marketing, business, or
sociology [4]. This multiplies the number of approaches and scientific production. The data offered by
Hamari, Kolvisto, and Sarsa on the number of empirical studies on gamification published in SCOPUS
journals or registered in Google Scholar show an increase from an average of 50 in 2011 to 160 in 2012
and 200 in 2013 [1].
Regarding the education sector, a revolutionary technological innovation in the field of learning
such as gamification, is very attractive to teachers dealing with students who are products of a rapidly
developed digital culture. Faculty members, particularly at the secondary and university levels, face
new generations of students who are part of the digital culture, and the video game genre opens new
perspectives for accelerating experiential learning. Serious simulation video games, such as those
for learning how to fly planes or perform surgery, have already had great commercial success in the
education sector, due to the savings represented by the virtual formula of acquiring practical skills
while avoiding the real risks of possible destruction or injury, resulting from wrong decisions.
But those teachers who have an interest in transferring gamification to their classes encounter
various types of difficulties. First and foremost are the financial difficulties due to the high cost of
designing a video game of sufficient quality to attract the interest of students. In addition, teachers
lack training in the areas of systems analysis and design of educational video games and, therefore, are
not able to collaborate effectively with video game manufacturing companies. A study on gamification
in education concludes that early adopters of gamification in universities tend to be the computer
science/information technology educators; limited by the lack of appropriate supportive technology [6].
Another obstacle that stands out is the attitude of the parents of the students and those responsible for
the educational policy who tend to express an opinion of the video game as a distraction instead of an
instrument for accelerated learning.
This introduction presents a selection of contributions of state-of-the-art and controversial
interpretations concerning: The trends of the video game industry towards the production of serious
video games for education; the gamification elements that make a product more attractive to users or
consumers; the attitudes shown by the public sector; and university teaching staff towards gamification
as an instrument or set of techniques for learning. The introduction ends with an explanation of the
aim of this study: Evaluating company–university collaboration in applying gamification to university
education. To this end, we use a case study involving the participation of groups of economics students
from the University of Seville in the 2017–2018 university championship of the BugaMAP game
(MAPFRE Foundation), a simulation game used for successfully managing insurance companies.
1.1. The Production of Serious Video Games in the Video Game Industry
In the video game industry there is a moderate production of serious video games. In Spain, for
example, 14% of all video games produced annually are serious video games [7]. Among serious games
there are those for the education sector, health, culture, public administration, marketing, or others.
Furthermore, it tends to be the big companies, large Non-Governmental Organizations (NGOs)
and international organizations, and not so much the universities, that are leading the production of
serious video games and likewise assuming the costs of making gamified learning available to the
citizens and the educational sector ([8], p. 665; [9], p. 1053).
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The video game industry is the leader in gamification. It dominates a global market industry,
with multi-billion-dollar business figures ($137 billion in 2017) and it reaches an audience of some
2.3 billion players with products in several languages. Of every 10 dollars of the video game market,
5 are spent in the Asia Pacific region, 3 in the American continent, and 2 in Europe, Middle East, and
Africa regions.
By country, the main video game consumption markets are China and the US (with $38 and
$30 billion, respectively). They are followed by Japan with about $20 billion. And then come countries
such as South Korea, Germany, the United Kingdom, France, Canada, and Spain with markets of $4 to
$2 billion. Spain, with 46 million inhabitants and 36 million people connected online, is ranked 9th in
the world market of video games by country with a volume of $2.03 billion.
The industry was born in the 1970s and one of its major technological breakdowns occurred in
2004–2005 when free software became available for the design of video games and it also became
possible to play online without having to buy games. Thus, companies and products grew exponentially,
especially “indie” (independent) companies that would upload their games to platforms to be tested
by the users. In the last decade, access to games through mobile devices led to this way of gaming
being preferred by 95% of the world’s players by 2018 [3].
In 2007, the year of the iPhone, the video game industry was a $35 billion industry, and in just
one decade it grew to $137 billion. Nowadays the video game market is classified as those who
play (playing), those who watch videos about games (viewing), and those who buy them (owning).
According to the CEO of Newzoo Consultancy, a new large expansion of the industry is coming due to
the demand for gamification from traditional sectors [3].
“As we look towards the future, we foresee games playing an increasingly impactful role
in disrupting and reshaping traditional industries, from implementing individual game
mechanics to an array of mergers and acquisitions crossing the boundaries of traditional
industries.” ([3], p. 5)
Other authors have offered glimpses into the past regarding the expansion of the serious games
market. Michaud et al. ([10], p. 7) estimated in 2010 that global revenue from serious games was
$1.5 billion, and that it would have a projected sales growth rate of 47% between 2010 and 2015. Other
sources such as Markets and Markets (2015) [11] estimated that the serious games market could reach
$5.5 billion in 2020.
To identify the institutions that lead in the production of serious video games, the case of serious
environmental video games has been studied because information about them has already been
analyzed by Rojo and Dudu (2017) [12]. Their review of previous studies (see below) shows that for
the North American market, the prominent producers of serious video games are large companies,
universities, and independent developers. In Spain, the leading producers are large companies and
NGOs, followed by regional public administrations.
That conclusion for the American market came from a study by Katsaliaki and Musafee (2015) ([8], p.
665) who analyzed 49 sustainable development video games. As for the study on serious environmental
video games in Spain, Ouriachi et al. ([9], p.1053) analyzed 24 such games for young people which
were accessible online free of charge. In comparing both studies, the conclusion is that universities
play an important role in serious games production in the North American market, but they are not
currently involved in Spain.
1.2. Gamification as a Unique Way to Engage in Learning
In the presentation of the 2018 Newzoo video game industry report, its CEO and co-creator Peter
Warman, acknowledged that its strong growth and success was due to “our industry’s ability to offer
unique ways to engage” ([3], p. 3). The way to engage is the main achievement of gamification as a
technological innovation that has developed within the video game industry from its beginnings in
1970 to the present. And, according to authors such as Tom Chatfield [13], gamification consists of
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creating a virtual environment in which activities get the participant hooked by using seven different
ways of rewarding the human brain (see Table 1).
Table 1. Gamification brain reward techniques for a pleasant learning experience. Source: elaborated
from Tom Chatfield 2010.
1. Levels of experience that measure progress 2. Multiple short- and long-term objectives
3. Gifts for efforts 4. Answering in a quick, frequent, and clear way
5. Uncertain final outcome. Increases dopamine 6. Windows with information, both to help decision
making and to learn from decisions impact7. Other persons (collective game or comparing and
comments with others)
Thus, gamification manages to make learning experiences pleasant, or to seduce users towards
simulated behaviors that are rewarding to their brains. And among the gamification tools pointed
out by Chatfield (2010) [13] in Table 1, several can be highlighted: setting clear objectives, rapid and
frequent response, timely contributions of helpful information, the element of uncertainty about the
final results, and contact with other players.
French researcher Elisabeth Grimaud (2017) [14] uses the term “dose” to refer to brain
neurotransmitters that favor brain synapses. Dopamine, for example, is mobilized with the pursuit of
goals and the success of achieving them. Oxytocin is associated with qualities of affection; thus, it is
mobilized by the encounter with others. Serotonin is what the brain produces when we are happy,
proud, and satisfied with ourselves. Endorphins occur in the management of the effort to continue, to
keep going. So, the information that comes to us, or the behaviors that a gamified learning process
asks us to perform, can achieve these types of rewarding brain chemical changes.
Lara Boyd (2015) [15] studied the effects of video games on the recovery of patients with cerebral
infarction. She found that changes in the brain are both functional and structural when patients practice
behaviors to achieve learning skills or abilities. The first good news is that the brain learns throughout
life for the neuroplasticity that characterizes it. The second is that the best driver of neuroplastic change
in the brain is behavior.
As behaviors are practiced to develop skills or abilities, the brain changes functionally. Whether
one is a musician, taxi driver, researcher, or bricklayer, each profession with its own skills and abilities
usually activates certain springs of the brain. In that way, when a capacity or ability has developed
sufficiently, a part or region of the brain becomes accustomed to being activated until it develops more.
But, mastering an activity can require around 10,000 h of practice. This is where gamification
intervenes and accelerates learning by creating practical experience levels of virtual behavior. Faced
with the challenges such as curbing climate change and reducing pollution by means of resource-saving
behaviors, serious environmental video games contribute to accelerate citizen responses (Rojo and
Dudu, 2017 [16]). Also, simulation games involving risk behaviors, such as piloting planes or
performing surgery, are accelerating learning and reducing costs in time and equipment for the training
of these professionals.
Other investigations such as the framing theory, modernly reformulated by authors such as
Lakoff (2010) [17], reinforce the importance in gamification of “setting clear objectives” and “providing
information windows with clear, fast and frequent responses” on the part of the game. According to
Lakoff (2010) [17], the theory of framing proposes that communicating information or data on an issue
is only effective when the recipient has a framework or system of neurological frames in the brain, in
which the data or information can fit or articulate with one´s accumulated knowledge. Thus, ideas
framed in a certain way are settling in the brain.
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1.3. Gifts for Effort and Motivating through Gamification
In the gamification of virtual experiences, the first clear idea that designers need to have is the
direction in which the person is motivated, what behaviors are desired or most valued in the game or
gamified experience. One can differentiate two modes of motivation in the content of a game: intrinsic
and extrinsic.
(a) Intrinsic motivation is usually different for each game/person. It is about what attracts the
person towards a task or a set of tasks that result in achieving and living certain experiences. And, there
will be a range of activities/tasks such that the user likes some more than others. Authors such as Kapp
et al. ([18], p. 164) advise designing this intrinsic motivation aspect of the game through its content in
narrative, its history, or the mystery or puzzle to be solved such that the action itself is the prize. This
means looking for design components that lead the player or user to live the experience. According to
experts in school motivation, Ryan and Deci (2000) [19], intrinsic motivation results in high quality
learning and creativity; it accrues from engaging in interesting activities and then behaviors become
“volitional and accompanied by experience of freedom and autonomy” ([19], p. 65).
Werbach and Hunter (2012) [20] establish three basic rules that must be fulfilled for an activity to
intrinsically motivate a person: competence, relation, and autonomy. According to Ryan and Deci
(2000) [19], those three social context rules are relevant for intrinsic motivation because they support
three innate needs the person faces when he/she is exposed to new ideas and exercises new skills:
to feel connected, effective, and agentic ([19], p. 65):
- Competence—that the person can be effective in the tasks performed. According to Frasca
(2012) [21], gamification has the effect of activating the desire to improve personal performance in
a task. A final “try again” message for example, makes it possible for the user to make mistakes
without dramatic consequences. According to Ryan and Deci’s research on education, if the
student feels efficacious, he/she will more easily adopt a goal as their own, thus in order to facilitate
internalization of a goal they recommend offering “optimal challenges and effectance-relevant
feedback” ([19], p. 64).
- Relation—that the person can interact and be involved. To describe this aspect, Smethurst
(2015) [22] suggests using “interreacting with the game” as the most appropriate term to
emphasize that it consists of an innovation that goes beyond simply “interacting” which was
already possible with more traditional media such as television or radio. In their self determination
theory about motivation in school (SDT), Ryan and Deci name this aspect “sense of relatedness”
meaning “sense of belongingness and connectedness to the persons, group, or culture” which is
obtained by being valued by significant others to whom one feels connected.
- And, autonomy—that the person can feel in control of his/her own life. That is, the user makes
decisions and discovers his/her own way (more on the aspect of decisions below). According
to research done by various authors reviewed by Ryan and Deci ([19], p. 63) autonomy and
self-regulation contexts facilitate internalization of goal and behavioral regulations at schools.
By the contrary, when students were more externally regulated, they showed a tendency
to blame others for negative outcomes while more autonomy correlated with interest and
enjoyment ([19], p. 63).
(b) Extrinsic motivation in gamification systems consists of dynamizing through scores, prizes,
and certificates. Scores or points inform the player of progress, and work as a continuous evaluation
that is very stimulating. Prizes or cards (badges) as well as certifications recognize intermediate
successes and degrees reached (leaderboards), motivating the player towards enhanced performance.
In their review of literature on gamification of education, Nah, Telaprolu, Ayyappa and Eschenbrenner
agree to the above mentioned modalities of gifts and add two more: level/stages and progress bar
(Nah et al. 2014 [23]).
Kapp et al. ([18], p. 147) recommend a procedure for rewarding the player. First establish the needs
and objectives of the game, then determine what should be measured and then give those components
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a value. Points measure mainly the dedication of the player and progression in the tasks. They provide
explicit and frequent feedback. In many video games, points are redeemable for possessions or provide
access to resources needed for better performance. It can also be seen in terms of goal orientation
and “layers” of goals, where reaching a long-term goal requires having completed medium-term and
short-term goals, as well as missions broken into multiple tasks (Nah et al. 2014 [23]).
The prizes (badges) are usually applied when a certain score is reached, often in the form of
gradients that are achieved within a ladder. Hamari ([5], p. 476) studied the effect of applying a
gamification element such as batch system to the case of Sharetribe, an international peer-to-peer
trading service. Its results show that customer engagement efficiency tends to decrease when it ceases
to be a novelty and that the consumer’s personality could be a significant variable to explain the
differences in behavior when faced with the batch system.
Badges give the player a rank in terms of level reached in one or several competitions, and
engenders empathy with those who have reached similar ranges. They are reputation markers.
“Leaderboards” offer a final qualification in the game by making public the results of all the players
and making it possible to compare oneself to others.
Werbach and Hunter ([20], p. 76) point out some aspects that can be demotivating, such as games
with “leaderboards” that remain static, games that reward activities that are intrinsically motivating,
or games that exhibit conflicts between prizes and achievements.
1.4. Other Aspects in Gamification: Decisions and Narrative
From the analysis of intrinsic motivation, two new fundamental elements stand out for the success
of a gamification process: narrative and decision making. So, it seems convenient to add them to
Chatfield’s list. Narrative refers to the fact that the story, experience, or activity proposed in the game
or game experience has interest in itself. Ryan and Deci (2000) [19] refer to intrinsic interest activities
as those that “have the appeal of novelty, challenge, or aesthetic value for the individual”.
Generally, it is well known that those are aspects that anyone looks for to submerse in a good story
with epic moments. The narrative structure refers to the script of the game itself and what happens in
the game in terms of the process that is followed to experience the behavior the game is designed to
train. As Werbach and Hunter (2012) [20] suggest, the narrative is about defining a magic circle, a little
world that is meaningful to the players. The game is what happens inside that circle.
Also, within the gamification there is a prominent role for creating options and decision-making
opportunities. The game has to offer elections. The sense of control that players have in games is
powerful because of the choices they make that produce an emotion of dominance, of power, over the
events and results of the game. Not all games are fun, but they are volunteers. The one who plays
makes decisions, chooses, with consequences that affect the gaming experience.
For authors such as Cervera (2012) [24], discussed below, “make own decisions and take on the
consequences that they have” as well as “be yourself and live your own experience” are two of the
important skills acquired and trained by the video game player. From the perspective of game design
or simulation, to train those skills you have to create decision making options and a story, a “narrative”.
1.5. Trends towards Gamification in University Education to Train Generic and Transversal Skills
Institutional public discourse to promote gamified learning in public education is rare. Only some
international institutions such as United Nations Educational, Scientific, and Cultural Organization
(UNESCO) and the United Nations (UN), openly express support for educational video games,
promote them for training on issues of peace and environmental protection, and even support expert
recommendations on their design [25].
Within the public education sectors, however, the number of professors who favor the incorporation
of gamification into the courses they teach is increasing. Contreras and Eguía (2016) [26] argue that
traditional education is perceived by many students as boring and that teachers face the challenge
of motivating students who are digital natives. There are basically two schools of thought among
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professors. There are those who believe that video games will replace them as workers, and there are
those who believe that video games require supervision by the professor and bring greater productivity
to their work.
Players with more than 10 years of experience with video games such as H. Cervera (2012) [24],
recognize that they have acquired skills and competences that include: taking risks, having purposes,
thinking long term, managing resources, making their own decisions and taking the consequences,
and learning to collaborate with others (see Table 2). Many of these skills are specific competences or
generic transversal competences that are part of the curricula of university degrees.
Table 2. Gamification and skills acquired by the video game player. Source: Humberto Cervera (2012) [24].
1. Have purposes that get results 2. Think long-term
3. Manage and optimize resources 4. Take risks, dare to risks
5. Compete in face of achievable challenges 6. Ask all the possible questions
7. Be yourself or live your own experiences 8. Make your own decisions and take on theconsequences that they have
9. Explore the surroundings 10. Collaborate with others in multiplayer games,learn to play together.
For Contreras and Eguía (2016) [26], the main skills that video games should teach are, in addition
to the acquisition of knowledge, the resolution of problems (all skills in Table 2 are involved in problem
resolution), and collaboration, or communication (both are included in skill 10 in Table 2). The skills
listed in Table 2 are reinforced by the conclusions of the video game designer McGonigal (2015) [27],
and creator of the game “superbetter”. McGonigal especially points out three groups of psychological
skills or strengths that the games help a person to develop:
• The ability to control attention: thoughts and feelings (skills 1 and 2 in Table 2);
• The power to convert others into potential allies and to be able to strengthen the relationships that
we already have (skill 10 in Table 2);
• Natural ability to motivate and overload heroic qualities (willpower, compassion, and
determination) (skills 4, 5, 7, 8, and 9 in Table 2).
This means that the skills that video games usually train have a high equivalence with those
pursued in universities. Therefore, the implementation of gamification in university education, whether
through games or gamified experiences, is an unavoidable trend for these avant-garde institutions. But
we have also seen that the political environment and cultural attitudes are somehow adverse to expect
that in the short term universities achieve financial autonomy to undertake gamification projects or
quality video games on their own.
On the contrary, we have seen that private companies in different branches of the economy do
show a state of alert and progress in the production of serious video games or in the gamification of
their products and services. The video game companies themselves have also visualized the expansion
of the gamification market and are becoming active.
In this situation, how can universities advance in the gamification of their teachings? To what
extent can universities use collaboration modalities with companies that own quality games to share
their products or for joint developments? In order to answer the questions, we have studied the case of
the collaboration of the Universidad de Sevilla (Spain) with the Foundation of the MAPFRE Insurance
Company, the BugaMAP game owners (see Figure 1), in order to implement the game with economics
students of the 2018–2019 academic year. Until then, the game had only been used by the MAPFRE
Foundation for internal training of its employees, as well as in universities in Latin America [28].
In BugaMAP simulation, students in each session are distributed in teams of five players
representing management teams of different insurance companies (see Figure 2). Competition among
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insurance companies (teams) is aimed at increasing their market value by making appropriate decisions.
They have three tries. They all receive a certificate for participating, and the session and competition
winners receive material gifts.
Figure 1. Online presentation of BugaMAP game. Source: Fundación MAPFRE website [29].
2. Materials and Methodology
This study uses an empirical, theoretical, qualitative, and quantitative methodology.
The methodology has consisted firstly of a bibliographic search and analysis to construct an analytical
theoretical framework which presented in the introductory chapter. Next, a quantitative methodology
has been applied with statistical analysis of the data from the evaluation survey answered online by
students after finishing the experience of the game. This is, the statistical data available to evaluate
the company–university collaboration in applying gamification into university education with the
outcome of the opinion and attitudes questionnaire to the BugaMAP players of the University of
Sevilla, academic year 2018–2019.
A qualitative methodology has also been applied, and specifically, two techniques: the participant
observation of the collaborating teachers and the analysis of the content of the BugaMAP game itself
(objective evaluation). For the analysis of game content, eight variables or gamma elements were
selected, which were considered essential for a game to fulfil the functions of player involvement,
content learning, and skills training, with fun. The content analysis was descriptive, and checked if the
game contained the variable and described its format.
 
Figure 2. BugaMAP game is a team competition. Source: Fundación Mapfre [29].
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At the University of Seville, the activity was done as a special class day, and the professors were
accompanied by MAPFRE monitors. The game experience consisted of 10 sessions, lasting 4 h each,
in which a total of 200 students of economics courses from various degree plans of the University of
Seville participated (see Table 3). It took place between days 12 and 20 of March 2018. The activity
distributed in the following manner: day 12 (professors meeting), day 13 (1 session), day 14 (2 sessions),
day 15 (2 sessions), day 16 (1 session), day 19 (2 sessions) and day 20 (2 sessions).
2.1. Methodological Aspects of the Subjective Evaluation
To collect opinion data about the game (subjective evaluation), a structured response questionnaire
was sent to the 200 participants through the Google Drive application, the Google Forms tool that
allows questionnaires to be made and statistics obtained from the results of the surveys. As far as
reliability is concerned, consistency has been evaluated using the Cronbach alpha coefficient which is
the coefficient most widely used to estimate reliability in applied research. Its values range from 0 to
1 [30]. In our questionnaire the value of Cronbach alpha coefficient is 0.942 meaning a high reliability
of the instrument used.
The analysis of student opinion data about the game (subjective evaluation) was done based
on data collected through an online questionnaire, which was answered by 142 of the 200 students
who participated in the game. Using a Likert scale assessment of 5 to 1, they were asked about their
satisfaction with the game, the learning achieved, and their opinion regarding various characteristics
of the game.
From the 142 participants who answered the questionnaire, of whom 69% were women. Most of
the students, 52%, belonged to the degree plan in Labor Relations and Human Resources, and the rest
came from degrees plans in Tourism, Statistics, Statistics and Mathematics and Labor Relations and
Finance. They were mostly second-year students (64%) and 70% were between 18 and 21 years of age
(see Table 3).
Table 3. Sociodemographic characteristics of BugaMEP registered gamers questionnaire sample Univ.











142 18 19 74 16 15
100% 13% 13% 52% 11% 11%
By Years First Year Second Year Third Year Fourth Year Fifth Year
142 16 91 10 22 3
100% 11% 64% 7% 15% 2%
By Age 18/19 Years 20/21 Years 22/23 Years Other
142 45 54 22 21
100% 32% 38% 15% 15%
By Gender Women Men
142 98 44
100% 69% 31%
Source: Elaborated from questionnaire to participants.
2.2. Variables and Indicators for Objective Evaluation
The analysis of qualitative data on the gamification patterns of the BugaMAP game (objective
evaluation) was done using a test consisting of eight variables defined with qualitative measurement
indicators, based on the contributions of several authors including Chatfield (2010) [13], Gee (2010,
2016) [25], Rojo and Dudu (2018) [12], and Cervera (2012) [24]. See introductory chapter of this
article for more detailed information regarding authors’ contributions supporting the nine elements
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characterizing gamification we ended up selecting in order to build a qualitative test for objective
evaluation of the BugaMAP simulation game.
The eight qualitative variables selected to test the learning gamification contained in the BugaMAP
game are listed below. They are the seven variables proposed by Chatfield (2010) [13] plus the variable
“narrative and decision making”. For each variable, two to four qualitative indicators that describe it
are specified. The indicators are taken from the list of principles of video game design of Gee (2016) [25]
(see the list of 24 principles in the Appendix A) as well as the list of skills acquired by the player,
according to Cervera (2012) [24].
• Narrative and decision making—This variable is about discerning the experiences for problem
solving that the game designs (Gee 1). Each game has a story that enlivens the game, a story
that makes the game interesting and motivating in itself. Describing the narrative consists of
reconstructing the story, the real story that is simulated in the game, and determining in what
territory or place it is framed, who are the characters, what is the role of the player or team of
players, what is the objective of the game, and what resources are available to reach the objectives.
This part trains skills such as “make your own decisions and take the consequences” (Cervera 8)
and "be yourself and live your own experience” (Cervera 7).
• Levels of experience that measure progress—This variable is a very relevant part of the gamification
process and consists of the game being able to create flow starting with manageable challenge
and low stress (Gee 8); allow for early success and the margin to accommodate larger challenges
(Gee 7); lower the cost of failure to encourage exploration and innovation (Gee 19). It is part of the
motivation aspect, that the player looks competent because he/she is addressing achievable tasks.
This part of the gamification would train for the ability to “take risks, dare to risks” (Cervera4)
and to “compete in face of achievable challenges” (Cervera 5).
• Multiples short term and long-term objectives—This variable addresses how the game manages
the economy of attention (Gee 2); if the game does a good job of combining the mechanics with
the contents (Gee 4); if the game starts with simpler mechanics at the beginning and then goes
deeper (Gee 6); and if the game orders the problems well, so as to generate ideas (Gee 10). This
part of the gamification trains the ability to “have purposes to accomplish objectives” (Cervera 1)
and the ability to “think long term” (Cervera 2).
• Gifts the efforts—This variable addresses analyzing which behaviors are most valued by the game,
in which direction the person is motivated, and what awards/rewards are given in the sense
that the game relies on learning by doing (Gee 11). These data indicate if the game transmits
motivation, involvement, persistence, identity (Gee 3) and that the mechanics of the game have a
“fair” functioning (Gee 5).
• Respond quickly frequently and clearly—This variable addresses the game’s ability to provide
data useful for solving problems (Gee 12); to give a lot of feedback useful for progress (Gee 17);
to provide data that advise growth and trajectory (Gee 21); provide data to assure learning is
integrative and that there is evaluation (Gee 22). The skill related to this part of the gamification
would be to “ask all the possible questions” (Cervera 6).
• Element of final uncertainty (epic moments)—This variable addresses whether the game manages
to create the expert cycle, practice-domain-challenge (Gee 9); if the activities connect with
achievements and strategies (Gee 13); if systemic thinking is encouraged (Gee 24). By systemic
thinking it is understood that the game allows the player to see the whole picture and not just
individual actions, which helps the player see how the pieces fit together or can fit together.
• Windows of information to assist with decision making and learning from decision impacts—This
variable addresses whether the game places meaning of words with actions (Gee 14); if it gives
language and information just at the right moment (Gee 15); if the game creates “fish tanks” and
“sandboxes” to reflect on (Gee 16). As seen in the framing theory, information given at the right
time is assimilated better.
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• Other people–collective game or comparing and commenting with others—This is a variable
that can be measured in terms of individual play or team play, if there is a pooling, whether
the decisions are individual or in teams. And, according to Gee 18 and Gee 20, it also measures
whether the teachers give feedback to the game designers, and if the game offers options and
opportunities of customization. This part of gamification addresses training related to the ability to
collaborate with others in multiplayer games and the ability to learn to play together (Cervera 10).
3. Results
Results have been classified into two parts: results of the student opinion questionnaire evaluating
the BugaMAP game (subjective evaluation); and results of the analysis of patterns of gamification of
learning contained in the game (objective evaluation).
As a reminder, in the game BugaMAP each student is part of a management team of an insurance
company along with four other students. In each session, the management teams representing several
different companies compete with each other to better position their company in the stock market.
They have three playing opportunities to make decisions and reach their desired goal.
3.1. Results of the Subjective Evaluation by Questionnaire to Players
The game BugaMAP is fun in the opinion of 88% of the students who answered the questionnaire
(see Table 4). Finding the game to be fun, however, does not mean that they consider it easy (only 35%).
This indicates that the game manages to be intrinsically motivating in a way that the challenge of
overcoming obstacles or difficulties is a pleasant challenge.
For more than 90% of the students, the gradient of difficulty and progression of the game is highly
valued as is the contributions of information helpful for decision making and learning from decision
impacts. More than 80% of the students consider the game to be well organized, that previous concepts
and instructions are clear, that it has a good pace and duration.








1 It is fun 88% 10% 2% 100%
2 It is easy to play 35% 51% 14% 100%
3 It is well organized 92% 6% 2% 100%
4 It is creative 85% 13% 2% 100%
5 It is useful for learning 83% 13% 4% 100%
6 The concepts and previous instructions are veryuseful for decision-making 76% 18% 6% 100%
7 Facilitates and provides business and insurancesector knowledge 84% 12% 4% 100%
8
The duration of the activity has been adequate to
acquire the objectives that were proposed
at the beginning
68% 19% 13% 100%
9 The number of decision-making opportunitiesis adequate 80% 17% 3% 100%
10
The contents developed during the training activity
have been useful and have been adapted to
my expectations
71% 25% 4% 100%
11 It reflects the business reality (insurer) 83% 16% 1% 100%
12 The knowledge acquired will be useful in the future 70% 23% 7% 100%
13 Value the acquisition of soft skills (management ofyour work time, leadership and teamwork) 79% 19% 2% 100%
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The game is considered by students to be creative, but it also is valued as a realistic simulation.
The majority of students appreciate that the game represents the reality of the current sector and that
the knowledge acquired will be useful in the future.
Opinion of the students about skill training has also been evaluated. A total of 79% of the
participants agree that the game does a good job of training people for public speaking, teamwork,
and the management of decision-making time.
Finally, there are the results from the part of the questionnaire regarding self-perceived satisfaction
(see Table 5). A total of 85% of the students indicate overall positive satisfaction with the game. They
considered that their expectations and the objectives were met, and 88% indicated that they would
recommend participation in a future BugaMAP activity to their colleagues.








1 Overall satisfaction 85% 14% 1% 100%
2 The expectations I had regarding the usefulness of the BugaMAPsimulation game in which I participated have been met 80% 16% 4% 100%
3 In general, I am satisfied with the development of 83% 16% 1% 100%
4 I would recommend this training activity to other colleagues 88% 9% 3% 100%
3.2. Results of the Objective Evaluation of the Gambling Experience
Below are the results of the objective evaluation of the gamification of the game BugaMAP, which
is broken down into eight variables.
3.2.1. Narrative and Decision Making
Our player holds a high professional position in an insurance company and has power and
autonomy to take well informed decisions inside a board of directors. The context of the BugaMAP
simulation game is that of a closed market in which several teams representing different insurance
companies compete against each other in one or more branches: automobiles, multi-risk, health, civil
liability, and companies. The objective is for each insurance company to maximize the value of its
shares in relation to the others owing to the correctness of its business management decisions.
Each team is composed of five players representing the Board of Directors of the company.
The positions of CEO, Financial Director, Risk Director, Human Resources Director, and Director of
Administration are distributed among the players, and members have to agree to make decisions as
a team.
Each insurance company competing in a session starts the game with the same market share,
number of customers, insurance prices, payroll, etc., and with a value of 100 points per share.
Throughout the game, each team of players will have to make decisions about its pricing policy,
underwriting, distribution, remuneration to sellers, distribution of investments, level of expenses and
reinsurance [28].
3.2.2. Levels of Experience that Measure Progress
The levels of experience correspond to the four stages of the game throughout its four-hour
duration (see Figure 3). The first stage is the introduction and presentation of the game and the
economic concepts of the insurance sector. The next three stages all begin with a decision-making
assignment, followed by a simulation and common analysis of the results. The game ends with a final
presentation of results, a colloquium, and conclusions.
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Figure 3. The four stages of the BugaMap game. Source: Fundación MAPFRE [29].
Each team of players can see how its insurance company performed after a first-year of exercise
and how it compared with other companies that made different decisions. In addition, in the analysis
of the results of each stage, a representative of each team explains why the decisions were made and
analyzes the results and their consequences.
As the game continues for two more exercises, each team of players will see their progress and the
intermediate results they are achieving. In addition to the decisions as a team, each insurance company
will be affected in the game by the uncertainty of the markets and factors exogenous to the company
that can combine against or in favor of its annual results.
3.2.3. Multiple Short-Term and Long-Term Objectives
In the short term, the objectives are to become familiar with the economic concepts and content of
the activity, how decisions are made in insurance companies, and the competitive market in which
companies operate. That is, to develop an understanding of complexity.
And, in view of the impact of their decisions on the company’s overall results and the causes
of their intermediate results, each business team gets involved in understanding the impact that
some decisions may have when combined with others and external risks that can affect the insurance
companies’ profitability. In this way, teams advance towards the objective of achieving the ultimate
success of maintaining or increasing the value of their company via their actions and decisions.
The business team that achieved the best results in the BugaMAP tournament at the University
of Seville was the team known as “Europe”, which had an ending share value of 97.5 points. This
emphasizes the difficulty of the game given that each team started with a price of 100 points per share.
And the simulated insurance company that won the BugaMAP competition at the University of Seville
was composed of five second-year students.
This was a surprise, because the MAPFRE Foundation considered the game to be aimed at
professionals, or students in their final year of a Master’s degree program. The fact that students with a
lesser educational base and knowledge of economics managed to win the tournament may be explained
by the overall vision of gamified learning which is offered in a way that facilitates complex intuitive
thinking that speeds up decision-making. Conversely, those students with formative structures of
information accumulation may see their decision-making slowed down.
3.2.4. Gifts for Efforts
The prize structure of the BugaMAP game shows that it mainly relies on its own narrative and fair
functioning. The game, as it is aimed at professionals in the insurance sector or students in the area of
economics, and the prize structure acts as an extrinsic motivation to attract players to get involved in.
For simply finishing the game, the players were rewarded with a certificate of participation issued by
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the MAPFRE Foundation. For winning the game within a session, each member of the winning team
received a pen drive. For winning the tournament each member of the winning team was awarded
200 Euros in Amazon shopping cards.
3.2.5. Respond Quickly, Frequently, and Clearly
The BugaMAP game is based on learning by doing, provides data for the resolution of
decision-making problems faced by players and provides data that inform the growth and trajectory
of playing. But, the BugaMAP game system of providing that information is probably not as fast
or as often as is found in commercial video games. The BugaMAP game uses a way of providing
information that allows for discussion within all the teams that participate in a game session.
There are several particularly relevant moments when the game provides data. Data are provided
at the beginning of the game during the briefing in which, in addition to explaining the concepts and
narrative of the game, players are given brief written explanatory material. At the beginning of the
first annual exercise each team is given strategic and economic documentation on the insurance market.
Decisions of each team are based on the analysis of this documentation.
Later, the decisions made by each business team are acted on by the game software to produce
results that constitute a response of the game and a contribution of information on the impact of the
team’s decisions on the company’s profit and loss account. That information on results is provided by
the game in each of the three waves (annual exercises) of the game.
Finally, the game generates and provides data on serious claims that happen randomly and on the
occurrence of a catastrophic event that causes a rise in the claims rate thus impacting the company’s
income statements.
3.2.6. Element of Final Uncertainty (Epic Moments)
The game has its great epic moment at the end, because that is when all results from all decisions
made by each management team are resolved and hierarchy of ranking is determined. But, there are
also epic moments of lesser intensity at the end of the two previous waves, because each team can see
the impact of their decisions. Epic moments can also be considered those that are experienced within
each business management team when making decisions. And, there is no doubt that the news of
catastrophes or external events provided by the game are also times of impact due to the uncertainty
about the results.
The BugaMAP game is full of emotion-provoking moments. As decisions are made, the teams
are practicing and learning how to play the game better, although there is still uncertainty until the
last match as to what a team’s final position will be. If they adopt their strategies properly, they can
achieve the expected results. Throughout the different decision-making processes, they can modify
their strategies if they consider that those previously adopted have not been the right ones. There is
feedback among the players, and the results of decisions made in one phase of the game allow them to
learn and better define future strategies, until the great epic final moment arrives.
3.2.7. Featured Attention Windows. Information Contributions
The BugaMAP game uses written information instead of attention-grabbing windows built
into the software. It has already created those elements of language and information it has to
provide at any given moment, but it still needs to develop the software so that players can access the
information virtually.
In the game version of this experience, Fundación MAPFRE’s monitor played the role of providing
information and resolving doubts at the precise moment. It was also necessary for the monitor to enter
data of the team’s decisions into Fundación MAPFRE’s computer. This is something that has already
been modified in the new version of the game; the foundation provides a computer to each team to
enter the data of their own decisions, thus speeding up the process.
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It can therefore be considered that the game BugaMAP is still under development especially with
regard to information inputs to and outputs from the game.
3.2.8. Other People–Collective Gamers or Comparing and Commenting with Others
The very nature of the BugaMAP game emphasizes its character as a collective game that makes it
possible to train users in the abilities of communication, oral presentation, and team work. Because the
game is established as a competition between companies, a player needs four other players to form the
management team of a company. This means that continuously, throughout the game, players are
debating and commenting on the problems they face and the possible decisions to be made.
After each of the three waves of the game there is a pooling in which each company presents to
the other four companies involved in the game, how they arrived at the results of their company and
why they made their decisions. Hence, the collective exchange expands from 5 to 25 people interacting.
Also, the university professors and the MAPFRE Foundation monitors take part in the results
debates and interact with the players to clarify doubts and provide information that feeds back to the
course of the game.
All of this interaction and communication is focused mainly on the objectives of the game, but
also addresses aspects of how to improve the game itself in its digital format. Therefore, it can be
considered that both the professors of the University of Seville and the students who were involved
in the sessions, contribute to the MAPFRE Foundation as testers of the game and collaborators in its
further development.
In all practicality, personalization that the game allows is currently limited to choosing the
insurance branches preferred by each business team.
4. Discussion
This study focuses on gamification opportunities for university teaching with specific attention to
the option of company-university collaboration for implementing and developing serious videogames
or gamified experiences. In addition to reviewing a selection of literature on the state of the art
regarding the use of gamification for education, this study has addressed the case of collaboration
between Fundación MAPFRE and University of Sevilla in applying the Foundation’s game BugaMAP
to university students training about insurance.
With the support of several authors, we have shown that the advances in gamification that have
revolutionized and made a world-wide $138 billion dollar video game industry, with 8% annual growth
and 2.3 billion players, consist fundamentally of a set of techniques that succeed in involving people in
complex learning and skill-acquisition activities [2–4,7,13]. Outside the entertainment industry, some
economic activity sectors such as education have become interested in the skills acquisition aspects of
gamification [2,26], while others such as marketing and services have become more interested in the
fidelity or engagement of the users [5].
The diversity of interests and impacts that surround gamification leads us to consider that it, as
a technological advance, represents a great new paradigm in the history of knowledge acquisition.
Transversality of the scientific disciplines involved is wide, both because of new multidisciplinary
scientific knowledge and because of economic and productive performance. The fields of knowledge
that combine gamification range from computer science and mathematics, through neurology and
graphic art, to behavioral sciences, marketing, sociology, pedagogy and communication [1,4,6,14,15].
In recent years, game technology has been in a process of transference, in the form of serious
games or gamified experiences, towards many other sectors such as defence and security, health and
fitness, commerce, marketing and services, education and training, social welfare utilities, etc. [5,10,11].
The market for serious games isestimated to reach $5.5 billion in 2020 [11]. Currently, only one serious
game is produced for each five produced for entertainment; however, game industry reports for 2018
show that there has been a significant increase in demand for gamification in all sectors [3,7].
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Regarding institutions involved in producing serious video games, data from research done
on free, serious environmentally-oriented videogames indicate that large companies, major NGOs,
international organizations and universities tend to be leaders in serious games production in the
North American market [8]. Spain is similar except for the involvement of universities. We find that at
present universities in Spain are seldom connected with the production of serious video games and
that public administrations avoid budgetary commitments to support this involvement [9,12]. Those
free online access videogames on environmental issues analyzed by Ouariachi 2017 [9] were tested
with students in research done by Rojo & Dudu 2018 [16] using the Gee 24 criteria list. University
students from third year questioned their quality and found them far from attractive or interesting.
The majority of serious video games were criticized by students on the basis of their narrative, goals,
decision-making opportunities for the player, simplicity, the impossibility of recovering from bad
results, etc. [12,16].
This seems to be different with regard to companies that strive to develop a quality game without
giving free or commercial access to other users. The experience analyzed by the MAPFRE Foundation
with the BugaMAP game shows that most companies are considering their game a patrimonial
investment destined for the training of their own technicians. The opinion of the Seville students who
played theBugaMAP, however, was very different. For more than 80% of the students the game was fun,
organized, creative, not easy, useful, provided them with knowledge reflecting the business reality of
the insurance sector, had an adequate number of decision-making opportunities, met their expectations
and they would recommend it to other students [31]. But, such a product as BugaMAP may have
taken the company more than a decade to develop, and since the collaboration with the University
started Fundación MAPFRE has introduced improvements every year. That is why collaboration with
universities was seen by the MAPFRE company as part of an improvement strategy and also as a way
to disseminate knowledge about an industry, such as the insurance industry in this case.
The formula of collaboration between universities and companies in the development of video
games owned by the latter has proved to be of interest for both companies and universities.
For universities, the interest lies in the fact that this collaboration enables them to introduce
educational innovations and experiential learning methods into the classrooms. An additional interest
is that these collaborations are formative for professors, because teachers in general and university
professors in particular find few opportunities to train in digitalization and gamification of content.
Other authors subscribe to the idea that “teachers or professors and game designers need to work
together” [2,25].
Professors collaborating with companies see the video game industry as an ally to gamify and
spread with fun the teaching skills in their respective subjects that have taken them so many years
to acquire. As the results of the BugaMAP case study show, contrary to the notion that the use of
gamification in education would lead to replacement of the teacher, the introduction of a serious game
in university learning may require collaboration among several teachers and the help of professional
technicians (monitors) familiar with the rules, process and software of the game. This means that at
least in the stages of development of gamified products or serious video games for the university, there
would be an increase in the demand for specialists rather than a decrease.
In reference to the benefits for companies collaborating with universities for the development of
video games or gamification, the BugaMAP case study presented here showed that the company that
owns the game was able to identify areas of potential improvement for developing a more advanced
version of the game for the following year. Thus, this type of collaboration is also beneficial for the
company. Among the weaknesses of the game that were identified, the most important were in the
domain of human-computer interaction, time delay in scoring and that the information necessary
for advancement of the game was delivered on paper and explained verbally. As a result of this
collaboration, the version that would be used in the University of Seville during the following academic
year presented a more advanced virtual format.
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Concerning the way gamification works, there is general agreement on the key elements that
reward the brain and engage the participant through forms of intrinsic motivation (e.g., narrative,
autonomy, decisions, goals, framed information, relations) and extrinsic motivation (e.g., gifts, batches,
rewards) [13–15,18–20]. Quality gamification (design of video games, serious games or gamified
experiences) has high costs, but its effectiveness rests on its quality. Gamification is seen as capable of
reducing significantly the time required to train a person with new professional skills or behaviors by
creating virtual environments that simulate real experiences [27]. In the case of the BugaMAP game, for
example, four hours were enough for a team of five economics students to experience the equivalent of
one year of behavior as well informed responsible executives who make complex decisions about the
management of an insurance company [28].
In this study, eight fundamental elements were identified as basic content for an acceptable level
of gamification in game design. They were selected on the basis of the contributions of Chatfield
2010 [13], Gee 2016 [25] and Cervera 2012 [24], which compared well with the considerations of other
authors [2–4,6,10,16–22]. This list proved to be a valuable tool for evaluating qualitative data from the
BugaMAP case study, and it also validated the contributions of the authors above mentioned. The list
of variables is as follows: narrative and decision-making; levels of experience that measure progress;
multiple short-term and long-term objectives; gifts for efforts; respond quickly, frequently and clearly;
element of final uncertainty (epic moments); windows for information to assist with decision-making
and learning from decision impacts; and other people (playing with others and commenting with
others).
Results of the objective evaluation of the BugaMAP game show that some elements of its
gamification or game technology are more developed than others. Among its strongest points are
narrative and decision making as well as commenting on or relating to others. Its weakest points
arethe speed of the response, the gifts for efforts and the information windows. Other issues that this
test reveals are that the part related to the interaction with the HCI computer and the graphic design of
the BugaMAP game left out of the evaluation would require a specific study in itself [4,25].
For future research, it is necessary to go further in finding specific indicators that measure the
differences in level of advancement in gamification relative to each of the variables or elements of
gamification identified in this study. This is important for comparing differences among games in a
more precise way, and is also necessary for establishing a way to measure the aspects of graphic design
and human-computer interaction elements of a game. Another research issue that arises from this
study is to inquire about the factors that influence the slowness with which the educational system is
incorporating innovations in gamification. In particular, the values and attitudes of public opinion
towards videogames in education and public administration discourse are poorly studied.
An educational video game or simulation of learning experience requires a significant investment
of time and knowledge from initial product conception to design, computer programming and essay
production. On the other side, only those learning instruments based on well-designed games or games
of relative quality are usually satisfactory for students who are products of a digital culture. Thus, if
public university institutions were to develop their own videogames, they would require the support
of public administrations and companies to cover the high financial cost. The case studied here shows
that in Spain and similar serious games markets, a feasible option at present for university professors
and students to become familiar with content gamification techniques is through collaboration with
those large companies that produce and/or have serious games for education and professional skills
training. Likewise, such collaboration could extend to game design enterprises.
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Appendix A 24 Principles of Video Game Design for Learning (Gee 2016, UNESCO)
1. Design experience for problem solving
2. Manage the economy of attention
3. Motivation, involvement, persistence and identity
4. Game mechanics more content, well combined
5. “Fair” operation of game mechanics
6. Simpler mechanics at the beginning and deepening
7. Early success and margin to accommodate larger challenges
8. Create flow. Start with manageable challenge. Little stress
9. Create the expert cycle: practice-domain-challenge
10. Order problems well: generate ideas
11. Relying on learning by doing
12. Give data, for problem solving
13. That the activities connect with achievements and strategies
14. Place meaning of words with actions, etc.
15. Give language and information just at the right time
16. Create “fish tanks” and “sand boxes” to reflect on
17. Give lots of feedback on your progress
18. Teachers give feedback to game designers
19. Lower the cost of failure to encourage exploration and innovation
20. Offer options and customization
21. Advise growth and trajectories with data
22. Integrative learning and evaluation (with data)
23. Stimulate the modification and doing (be them designers)
24. Encourage systemic thinking
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Abstract: Virtual reality (VR) technologies have opened new possibilities for creating engaging
educational games. This paper presents a serious VR game that immerses players into the activities
of lunar exploration missions in a virtual environment. We designed and implemented the VR game
with the goal of increasing players’ interest in space science. The game motivates players to learn
more about historical facts of space missions that astronauts performed on the Moon in the 1970s.
We studied usability and engagement of the game through user experience in both VR and non-VR
versions of the game. The experimental results show that the VR version improved their engagement
and enhanced the interest of players in learning more about the events of lunar exploration.
Keywords: serious game; usability; game engagement; virtual reality
1. Introduction
Since the advent of head-mounted displays (HMDs), virtual reality (VR) technologies have been
used widely in digital media and entertainment. The low cost of HMDs makes VR accessible to the
public. Many VR games using HMDs and handheld motion controllers have been released to the public
in recent years. Games developed with VR technologies can provide a highly immersive experience [1].
Serious games are “(digital) games used for purposes other than mere entertainment” [2]. They are
used in many areas such as education, healthcare, ecology, and scientific research [3]. Adopting VR
technologies in serious games can simulate a learning or training environment that would otherwise
be impossible for people to access in the physical world.
In this work, we design and implement a serious VR game that immerses players into activities
of lunar exploration missions in a virtual environment. The game is based on the historical events of
the Apollo 16 mission in the 1970s, in which astronauts landed on the Moon, drove the lunar rover,
and eventually returned to the Earth. In this game, we implement planning, preparing, and driving
activities of the Apollo 16 mission by utilizing VR technologies and handheld motion controllers. In our
previous work, we developed a similar serious game [4], but it was a non-VR version playable with a
single-screen display and keyboard–mouse/joystick inputs. Besides the contributions in game design
and development, we investigate how the VR technology effects usability and game engagement
compared to the non-VR version. In our study, we utilized a between-subject design, where half of
the participants play the non-VR version of the game and the other half of the participants play the
VR version of the game. We used the Game Engagement Questionnaire (GEQ) [5] and an interview
questionnaire to measure their levels of engagement. The results show that the VR version of the
lunar roving game took longer for participants to finish but enhanced the game engagement and their
motivation to learn the events of lunar exploration.
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The paper is organized as follows. Section 2 describes existing work on VR-based serious games.
Section 3 describes the background of lunar exploration missions by The National Aeronautics and
Space Administration (NASA) in the United States in the late 1960s and early 1970s and their influence
on education. Section 4 discusses the design details and gameplay mechanics of the VR game. Section 5
describes the design of the usability and engagement study. Section 6 presents the analysis results, and
we conclude the work in Section 7.
2. Existing Work in Serious VR Games
Our Lunar Exploration Game is a serious VR game with the goal of motivating players to learn
historical events of the Apollo 16 mission. Serious games have been applied in many domains such as
education, healthcare, training, and scientific exploration. In Section 2.1, we review papers that discuss
serious games used in different domains. In Section 2.2, we review studies evaluating the effectiveness
of serious VR games, with a focus on engagement, usability, and learning outcomes. In Section 2.3,
we review the theories underpinning usability and engagement studies in serious VR games, which
have impacted the design of our experiment.
2.1. Applied Domains of Serious VR Games
Susi et al. [2] gave a review of serious games. They presented the definition, domain,
history, and market status of serious games. Djaouti et al. [3] classified serious games with the
Gameplay/Purpose/Scope (G/P/S) model to combine both “serious” and “game”. Mikropoulos and
Natsis [6] gave a review of educational virtual environments from the year 1999 to 2009. They identified
several features in VR for learning and discussed reasons why VR could be useful in a learning
situation. The most important reason they identified is that VR provides the possibility for users to
try situations not accessible or dangerous in the real world. Potkonjak et al. [7] presented a review
of virtual laboratories for science, technology, and engineering education. They argued that virtual
labs can offer advantages that real labs may not provide. The advantages included cost-efficiency,
flexibility, multi-user support, and the access of dangerous or not accessible situations. Alhalabi [8]
discussed the effectiveness of VR systems for engineering education. They evaluated traditional
education approaches, Corner Cave systems, and HMD systems. They found that Corner Cave and
HMD systems were better than traditional education approaches in terms of improving students’
performance, and the effectiveness of HMD systems was more significant.
However, researchers have shown that in different situations, VR technology does not always
play a positive role. Jensen and Konradsen [9] presented a review of the use of HMDs in education and
training. They found that using an HMD led to a better result only in a small number of cases. Beyond
those cases, using an HMD had no advantage or even performed worse than the non-VR setting.
Freina and Ott [10] reviewed the use of immersive virtual environments in education. They discussed
the advantages and drawbacks of using VR in children’s education and rehabilitation for cognitive
disabilities. Virvou and Katsinois [11] discussed the usability of using VR games for education in the
classroom. They argued that learning outcomes are different among students since they usually have
different game-playing backgrounds, but in most cases, the differences in their backgrounds do not
influence their motivation.
2.2. Use Case Studies of Serious VR Games
Mei and Sheng [12] presented a system for virtual hospital-situated learning. Their system
was primarily used for learning human organ anatomies. They obtained the result that the situated
learning can improve users’ motivation. Cheng et al. [13] presented a VR game to teach language
and culture. The result showed that the VR game could increase user engagement, but the result did
not show a significant improvement in the language learning outcome when the VR game was used.
Adamo-Villani and Wilbur [14] presented a study of the virtual learning environment for deaf and
hard-of-hearing children. They compared a immersive version and non-immersive version; however,
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the results of the study did not show a significant difference between the versions. Parmar et al. [15]
compared the HMD-based metaphor viewer with the desktop-based display for training users
in electrical circuitry. Their results showed a significant learning benefit when using the HMD.
They argued that participants may gain better performance and enjoy using the HMD version, but they
did not provide an evaluation to support this argument. Greenwald et al. [16] presented a usability
study to compare the learning in VR with the learning on a traditional 2D screen. The comparison result
did not show a significant difference in quantitative learning measurements, though the completion
time of the VR version was always longer than the non-VR version. Olmos et al. [17] provided
an educational platform to study the influence of emotional induction and level of immersion on
learning motivation. They presented a usability study between an immersive version with an HMD
and a low-immersive version with a tablet. The results indicated that the immersive condition
and the positive emotional induction can influence knowledge retention. Zizza et al. [18] designed
and implemented a multimodule VR learning environment over the network. They evaluated user
experience in the VR version by comparing it to a desktop version. Although they stated that the
feedback on the VR version was positive, the interview questions used to obtain feedback should be
more comprehensive. Buttussi and Chittaro [19] conducted a two-week study on three different types
of display settings for learning, including a desktop VR platform, an HMD with a narrow field view
and a 3-DOF tracker, and an HMD with a wide field of view and a 6-DOF tracker. They found that
HMDs can increase user engagement. In their study, HMD did not lead to a significant increase in
knowledge and self-efficacy.
In summary, the use of VR technologies for serious games is a new area. In different use
cases, people may have different experiences and opinions about VR. Thus, there is no consensus.
Our literature search did not find any studies about the adoption of VR technologies for learning
historical events of lunar exploration or other events in space science.
2.3. Usability and Engagement Studies in Serious VR Games
Bowman et al. [20] discussed several evaluation methods according to three key characteristics:
involvement of representative users, context of evaluation, and types of results produced. The results
showed that the evaluation should be close to the changes between the VR system and non-VR
system. Based on their findings, the parameters for usability evaluation that we recorded in our
experiment focus on the differences between the VR and non-VR versions of the game. Sutcliffe and
Kaur [21] studied the walkthrough method for evaluating VR systems. Key points of this method are a
goal-oriented task, exploration and navigation, and system initiative. In our experiment, tasks that the
participants complete were based on the walkthrough method.
When measuring the usability differences between a VR system and non-VR system, researchers
have employed the between-subjects study design [22,23]. Mcmahan et al. [22] expressed that the
reason is to increase experimental controls and reduce confounding variables. In our experiment,
we used a between-subjects study design so that each participant was only subjected to the play
experience of a single version.
Game engagement is one of the factors that affect learning outcomes and the motivation to play
games [24]. Brockmyer et al. [5] developed the Game Engagement Questionnaire (GEQ) to measure
the engagement level of players playing a video game. The GEQ has been used in many serious game
studies [25–28]. Researchers have also used the GEQ to study VR games [28–30]. In our experiment,
we used the GEQ to measure and analyze the engagement level of participants in both VR and non-VR
versions of the lunar roving game.
3. Background of NASA-Inspired Serious Games
In the 1960s, students were inspired by the success of lunar exploration missions performed
by NASA astronauts and engineers. Photographs and videos of the missions and NASA-developed
technologies motivated students to pursue science, technology, engineering, or math (STEM) degrees.
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Through the 1960s, the number of students enrolled in science and engineering increased significantly.
According to a report by the National Science Foundation [31] and the article by Markovich [32],
the percentage of bachelor degrees awarded in science and engineering fields peaked in the late 1960s
for the period of 1966–2010.
The experience of learning about lunar exploration missions is usually through a passive setting
where information is presented in the form of reading material, speaker talks, videos, museum lectures,
or exhibitions. For example, people may explore NASA’s website to find a wealth of materials that
explain the past and future of lunar exploration. Those materials provide both scientific facts and
public narratives for public science engagement. In such a setting, learners passively receive what
the assigned material says. In contrast to the passive setting, an active setting gives the learner an
opportunity to take a participatory role as he or she is absorbing the knowledge [33]. For example,
some summer camp programs promote active learning experiences during a scheduled period of time
(e.g., the Space Camp program at the U.S. Space & Rocket Center (Space Camp is located in Huntsville,
Alabama, U.S. Website: https://www.spacecamp.com)). However, those summer camp programs
usually require a substantial cost for travel or lodging.
In contrast to attending Space Camp, a game of lunar exploration is easier to set up and provides
an active learning environment at a lower cost. The complex content of lunar exploration missions
can be represented graphically in the game, and the game allows the learner to interact with the
content using precisely simulated navigation systems and driving controls based on the operations
in real missions. NASA’s Eyes [34] is an interactive application developed at NASA’s Jet Propulsion
Laboratory. It is an educational tool that allows the user to interact with the Earth, solar system, and
spacecraft. To maintain a low computational cost on geometry rendering, the Earth and Moon in
NASA’s Eyes are represented as spheres wrapped with textures, so there is a lack of visual fidelity
on geographical features. Another game-based example is NASA Space Place [35], which is a NASA
science webpage for kids. NASA Space Place has a few games related to the Moon, rovers, and
missions. The games are 2D, cartoonish, and provide only introductory or conceptual information.
NASA supports game developers making NASA-inspired 3D games. NASA has released a variety
of 3D models and textures of spacecraft, landing sites, asteroids, etc. [36]. One 3D game is Station
Spacewalk Game [37]. It contains a 3D model of the International Space Station that allows the user
to experience NASA repair work on the station and learn how the station is assembled. The game
runs on a standalone PC or on the web with a Flash plug-in, but it does not work with VR devices.
NASA also provides a web-based interactive tool [38] to show the historical landing sites on the Moon
and explains briefly the activities that astronauts have conducted. It helps the player to understand
the history of lunar exploration, but it does not offer participatory experiences for users. A few years
ago, the Immersive VR Education company [39] released an Apollo 11 VR game that is a documentary
style VR application presenting historical lunar exploration events through a mix of original audio
and video. The National Naval Aviation Museum adopted a similar concept to exhibit the Apollo 11
journey using VR technologies [40] along with a physical Apollo command module. Audiences are
immersed in activities such as boarding the rocket, experiencing the launch, witnessing travel through
space, and landing on the Moon. Peng et al. [4] gamified the Moon mission and created three playing
phases. They presented the lunar roving game on a PC platform and employed a standard screen.
They performed a usability study with 30 participants and provided a descriptive analysis of the
effectiveness of the game for learning about lunar exploring activities. The results showed that the
game enhanced user engagement in NASA-inspired events and increased the users’ interest in space
science. However, their work did not provide a statistical comparison between a VR-based gameplay
and a non-VR gameplay.
4. Game Design Methodology
The concept of game design in this work is similar to the lunar roving game presented by
Peng et al. [4]. In this work, we develop a VR version of the lunar roving game, which is compared to
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the non-VR version presented by Peng et al. [4] in terms of usability and game engagement. The game is
composed of three playing phases: planning, preparing, and driving. In the planning phase, the player
is guided to create the driving route by placing markers on a virtual lunar terrain map. In the preparing
phase, the player selects a subset of devices from the inventory and then loads them onto the lunar
rover for later use on the route. In the driving phase, the player drives the rover to the end of the
route. During the driving, the player operates a navigation system to determine the driving direction,
control the rover’s speed, and avoid overheating. The game presented by Peng et al. [4] is a non-VR
video game running on a PC with a single screen. The player uses a keyboard/mouse to place markers
and select scientific instrument and uses a joystick to drive the rover. In this work, we convert the
non-VR version of the game into a VR game. The VR game runs on a PC with the content rendered to a
head-mounted display so that the player will feel immersed in a virtual lunar environment. The player
plays the VR game using handheld motion controllers.
In general, VR games have many things in common with non-VR video games. For example,
both non-VR and VR games produce interactive experiences and require real-time rendering, and their
development process is the same. In contrast to the use of a keyboard and mouse in non-VR games,
the use of VR head trackers and handheld controllers enhances the freedom of movement for in-game
actions. In this section, we discuss the design differences between the non-VR and VR versions of
the lunar roving game, the ways of relating to the environment and interface, input modalities for
gameplay, and engagement levels in each playing phase.
4.1. Planning Phase
The lunar roving game requires the player to explore a region of lunar terrain on a planned
driving route. In the planning phase, the player is asked to identify station stops on the lunar terrain
map based on the longitude and latitude values. Both the non-VR and VR versions of the game allow
the player to place markers/tokens on the map.
In the non-VR version of the game, the player places markers on the map through a 2D user
interface. As shown in Figure 1a, the interface contains a cartoon-style commander who instructs the
player how to use the interface. The commander’s instructions and longitude and latitude values are
displayed as rolling texts in a dialogue box. The player places a marker by mouse-clicking on the map.
If the player does not place the marker at the correct location, he or she will be asked to repeat the
placement operation for the same marker until it is placed correctly on the map. When all markers are
placed correctly, a calculator appears in the interface. The commander will ask the player to calculate
the travel time based on the given distance and maximum speed. To do the calculation, the player can
enter numbers by mouse-clicking the number buttons on the calculator.
(a) (b)
Figure 1. Screenshots of the planning phase. (a) is the user interface for the non-virtual reality (VR)
version of the game, and (b) is the 3D environment for the VR version of the game.
In the VR version of the game, the player wears an Oculus Rift headset with which he or she gains
a 360 degree interior view of the spacecraft. As shown in Figure 1b, the player can see the lunar terrain
131
Informatics 2019, 6, 44
map on a desk, and there are four 3D tokens next to the map. The instructions from the commander
and the longitude and altitude values are displayed on a virtual monitor in front of the player. In the
VR game, the player holds a pair of Oculus Touch controllers in his or her hands, which provide
hand presence in the virtual environment. The player can press a button on the Touch controllers to
trigger a gameplay event without any interruption from physical hand movements. To place a token
on the map, the player points to the token using the controller and then holds a specific button on the
controller to pick up the token. Then, the token can be moved across the desk by moving the controller
while holding the button. The token can be dropped on the map when the button is released. If the
token is not placed correctly, the player is asked to pick it up again and repeat the placement operation
until it is placed correctly. When placing a token, the player can lean his or her body forward to have a
closer look of the map or lean back to regain the full view of objects on the desk. After all tokens are
placed correctly, more instructions from the commander will roll into the virtual monitor; at the same
time, a 3D calculator appears on the left side of the desk. To use the calculator, the player points on the
number buttons of the calculator using the Touch controller and then triggers a specific button on the
controller to press the number button.
4.2. Preparing Phase
In the original Apollo mission, astronauts needed to load communication and scientific
instruments onto the lunar rover and use them at station stops on the route. In the preparing
phase of this game, the commander describes the related scientific tasks. Based on the description,
the player determines what instruments to choose from the inventory and loads them onto the rover.
The participant is required to finish a total of five tasks. The first task is to put two astronauts onto
the lunar rover. The second task is to load two communication devices. The third task is to load a
pallet frame that will hold devices and tools. The fourth task is to load a monitoring device that can
be controlled remotely by Houston. The fifth task is to load a camera device to record documentary
photos and videos.
As shown in Figure 2a, the non-VR version of the game consists of a 2D user interface.
The commander appears in the top-left corner of the screen. The description of related scientific
tasks from the commander appears in a dialog box. The player can explore the inventory in the
middle panel of the interface. When mouse-clicking on an item in the inventory, the 3D model of the
corresponding device will appear in the top part of the right panel. At the same time, the usage of the
device will appear in the bottom part of the right panel. When the player checks the checkbox of the
item in the inventory, the device will show up on the rover at the location it should be loaded. A 3D
view of the lunar rover is shown in the left panel of the interface. The player can rotate the 3D view to
look at the rover from different angles.
(a) (b)
Figure 2. Screenshots of the preparing phase. (a) is the user interface for the non-VR version of the
game, and (b) is the 3D user interface for the VR version of the game.
The VR version of the game contains a 3D user interface for the preparing phase. Different from
the non-VR version, the description of science tasks appears on a virtual display device held in the
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player’s left hand. The player can move the display device closer or farther away from the HMD’s
viewpoint by moving the Touch controller in the left hand. The device icons and usages are shown in a
large curved virtual display. As discussed in Cao et al. [41], a large curved display allows the player to
interact with the content in a wide field of view and supports a high level of perceived immersion.
The Touch controller in the player’s right hand is used to scroll the list of device icons up and down.
To view the details of a device, the player points to the device icon and presses a specific button on
the controller so that the 3D model of the device and its usage will appear in the right section of the
curved display. The player can hold a specific button on the controller to pop the 3D model of the
device out of the curved display and move it in 3D space using the controller. The player can drop the
device onto the lunar rover, as shown in Figure 2b.
4.3. Driving Phase
In the driving phase, the player drives the lunar rover to explore a geographical region of the
Moon. Both the non-VR and VR versions of the game use the same 3D model of the lunar terrain,
which is converted from Lunar Reconnaissance Orbiter (LRO) data. The player needs to operate the
rover’s navigation system to check the driving direction, monitor the speed, and avoid the overheating
issue. In particular, the game requires the player to use three navigation devices. The first one is
a heading device that displays the driving direction based on the shadow cast on the heading dial.
The second one is a speed meter that displays the current driving speed of the rover. The third one is
a temperature meter that displays the heat levels of the batteries and motors. The rover has to slow
down or stop if the reading of the temperature meter indicates an overheating of batteries or motors.
The interaction with the navigation system is different between the non-VR and VR versions of
the game. In the non-VR version, as shown in Figure 3a, a vertical panel is created on the right side
of the screen to host the heading device, speed meter, and temperature meter. The 3D model next to
this panel is the control console, on which the navigation devices were installed originally. In the VR
version, as shown in Figure 3b, the player operates the navigation devices only through the control
console on the rover. With the immersive view provided by the HMD, the player can move his or her
head closer to the control console to check readings on the devices, just like what astronauts would do
when driving the lunar rover.
The real lunar rover uses a T-shaped steering controller for driving. This controller, as a mechanical
part of the control console, is located between two seats. It was operated by the astronaut sitting on
the left seat. Moving the controller left or right turns the rover to the left or right. Moving it forward
increases the speed, and moving it backward decreases the speed. To mimic such special steering
control, both versions of the game use a flight stick as the input device, as depicted in Figure 3d.
The camera control in the non-VR and VR versions of the game is implemented differently. In the
non-VR version, the default position of the camera is set behind the rover. When the player is driving,
the camera will follow the rover’s movement. The player can press a button on the flight stick to
switch among a few different camera views, such as the side view to see the rover from the side and,
the front view. In the VR version, the camera is controlled by the player’s head movement, as shown
in Figure 3c. The player only has the first-person view of the astronaut sitting on the driver’s side.
The VR version does not allow view switching.
Both the non-VR and VR versions of the game contain a mini map that shows the location of
the Lunar Module (the landing location), locations of the station stops, and geological features of the
Moon. In the era of the Apollo missions, there was no GPS system to track where the rover was on the
Moon. Therefore, the mini map in the game does not show the location of the lunar rover. However,
in the case that the player feels lost, he or she can press a specific button on the flight stick to show the
rover’s location and its current moving direction only for a few seconds. This can be used a maximum
of five times. In the non-VR version of the game, the mini map is at the bottom-left corner, and it
is always visible to the player. In the VR version of the game, as shown in Figure 3d, the mini map
becomes visible when a button is pressed.
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(a) (b)
(c) (d)
Figure 3. Screenshots and control examples of the driving phase. (a) is the 3D environment for the
non-VR version of the game, with the navigation system on the right side of the screen, (b) is the 3D
environment of the first-person view for the VR version of the game, (c) shows the head movement with
the head-mounted display (HMD) for the readings of the navigation devices in the control console, and
(d) shows the operation with the flight stick to bring up the mini map in the VR version of the game.
5. Usability and Engagement Study
We designed and performed a study to understand the usability and game engagement of the
non-VR and the VR versions of the game. This section describes the design of our study.
We set up the usability and engagement study in a research laboratory in the university. The study
took about 30 min for each participant. After arrival, participants first signed the consent form,
and then each of them was given a unique user ID. Before playing the game, participants answered a
demographic questionnaire about their experience in gaming, virtual reality, space science, and serious
games. We utilized a between-subject design, where participants were randomly selected to play the
VR and non-VR versions of the game. Each participant was asked to play the same version twice
(two trials). After playing the game, they were asked to answer the GEQ [5] (as shown in Table 1)
and the interview questionnaire (as shown in Table 2). We recruited a total of 30 participants for the
study, 20 males and 10 females. A total of 10 males and 5 females played the non-VR version, and the
other 10 males and 5 females played the VR version. Their ages ranged from 20 to 42 years, with the
average age of 29.2 years. Twenty-six participants were from STEM majors. Figure 4 shows pictures of
participants playing the game during the study. We defined several usability parameters and recorded
values of the parameters during the study to evaluate user performance. Table 3 lists the parameters
used in the planning, preparing, and driving phases.
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Table 1. Game Engagement Questionnaire (GEQ) items [5] and the results of the game engagement
evaluation. The rating scale for each GEQ item is 1 (strongly disagree) to 5 (strongly agree).
Questions Non-VR Version VR Version
1. I lose track of time. 2.67 3.13
2. Things seem to happen automatically. 2.73 2.93
3. I feel different. 2.60 3.20
4. I feel scared. 1.20 1.48
5. The game feels real. 4.13 4.27
6. If someone talks to me, I don’t hear them. 1.80 2.00
7. I get wound up. 1.40 1.93
8. Time seems to kind of stand still or stop. 2.40 2.33
9. I feel spaced out. 2.40 3.53
10. I do not answer when someone talks to me. 1.73 1.93
11. I cannot tell that I am getting tired. 2.27 2.80
12. Playing seems automatic. 3.33 3.13
13. My thoughts go fast. 3.47 3.20
14. I lose track of where I am. 1.80 2.73
15. I play without thinking about how to play. 3.20 3.00
16. Playing makes me feel calm. 3.53 3.40
17. I play longer than I mean to. 2.60 2.87
18. I really get into the game. 4.20 4.27
19. I feel like I just cannot stop playing. 3.53 3.07
Table 2. Interview questions and the results.
Questions Rating Scale Non-VR Version VR Version
1. I feel the game is impressive. 1 (strongly disagree)–10 (strongly agree) 8.26 8.60
2. I feel the game is difficult. 1 (strongly disagree)–10 (strongly agree) 3.13 4.07
3.
After playing this game, do you feel that you
want to learn more about historical events of
lunar exploration missions?
1 (not at all)–10 (very willing to) 7.67 8.47
4.
After playing this game, do you think you have
gained interest in space science? 1 (not at all)–10 (very interested) 7.60 8.33
5. Do you feel motion-sick during the play? 1 (not at all)–10 (very serious) 2.60 3.90
6.
With respect to the Lunar Module landing
location, describe which direction the crater is. N/A 6 (correct)/15 10 (correct)/15
Table 3. Usability parameters used in our study.
Phases Parameters Descriptions
Planning
pln The number of attempts to place all markers or tokens
plmt The total time spent on placing markers or tokens (mm:ss)
plmt1 The time spent on placing the first marker or token
plct The total time spent on calculation (mm:ss)
Preparing
prn The number of attempts to submit
prt The total time spent in this phase (mm:ss)
prt1 The time spent on making the first submission
Driving drt The total driving time (mm:ss)
drh The number of times overheating warnings occurred
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Figure 4. Pictures of participants playing the game during the usability study. The left column shows
pictures of participants playing the planning phase. The middle column shows pictures of participants
playing the preparing phase. The right column shows pictures of participants playing the driving
phase. The first row shows participants playing the non-VR version of the game. The second row
shows participants playing the VR version of the game.
6. Evaluation Results
6.1. User Performance
To evaluate user gameplay performance, we applied the analysis of variance (ANOVA) statistical
model (with p = 0.05) to the values of usability parameters. The format for the time parameter was a
tuple of minutes and seconds denoted as mm:ss. Table 4 shows the statistical analysis results between
the VR version and non-VR version of the game and the statistical analysis results between the first
trial and second trial in each version of the game. The mean values (denoted as M) and standard
deviation values (denoted as SD) of the parameters are shown in the “Mean” and “Standard Deviation”
columns in Table 4. The “Between-Trial Comparison” and “Between-Version Comparison” columns
are the results produced by the ANOVA model. The following subsections discuss analysis details for
the planning, preparing, and driving phases between the two versions of the game and between the
two trials in each version.
6.1.1. Evaluation of the Planning Phase
We analyzed user performance on two tasks in the planning phase. The first task requires the
participant to place 4 markers (in the non-VR version) or 4 tokens (in the VR version) on the lunar
terrain map based on given longitude and latitude values. The second task requires the participant to
use the calculator to calculate the driving time based on the given distance and maximum speed.
The parameter plmn recorded the number of attempts that the participant performed to place all
markers or tokens correctly. As shown in Table 4, in the first trial, the mean number of attempts is 7.60
in VR and 4.67 in non-VR. This indicates that placing tokens on the map in the VR environment is
more challenging than placing markers on a non-VR, 2D interface. The between-version comparison
on the first trial for plmn indicates that there is a significant difference for this parameter, where
F(1, 28) = 6.04, p = 0.02. In the second trial, the mean number of attempts in the VR version is
reduced more significantly than the number of attempts in the non-VR version, where the mean values
are reduced to 4.87 in VR and 4.07 in non-VR. However, there is still a significant difference for plmn. We
observed that when participants were placing tokens in VR, they tended to try repetitively with small
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moves until reaching the correct position. In non-VR, participants usually moved markers directly to
the position that they thought should be correct. Between the two trials, user performance in the second
trial was better than user performance in the first trial for both versions of the game. As shown in the
“Between-Trial Comparison” columns in Table 4, the ANOVA results are F(1, 28) = 5.10, p = 0.03 in
VR and F(1, 28) = 4.13, p = 0.05 in non-VR. This means that user performance between the two trials
was significantly different.
Table 4. Analysis results of user performance.
Phases Parameters Trials










at p <0.05F(1,28) p Significant





1 7.60 4.48 5.10 0.03 Yes 4.67 1.11 4.13 0.05 No 6.04 0.02 Yes
2 4.87 1.35 4.07 0.26 5.04 0.03 Yes
plmt
1 03:05 01:24 29.21 <0.01 Yes 01:33 00:36 19.70 <0.01 Yes 15.42 <0.01 Yes
2 01:04 00:23 00:51 00:06 4.41 0.04 Yes
plmt1
1 01:39 00:47 31.20 <0.01 Yes 00:40 00:09 15.22 <0.01 Yes 6.04 0.02 Yes
2 00:29 00:10 00:31 00:02 0.46 0.50 No
plct
1 01:34 00:50 23.91 <0.01 Yes 01:06 00:27 43.90 <0.01 Yes 3.61 0.07 No
2 00:30 00:08 00:16 00:10 18.42 <0.01 Yes
Preparing
prn
1 6.20 1.61 0.50 0.49 No 6.40 1.88 0.00 1.00 No 0.10 0.70 No
2 5.87 0.83 6.40 3.44 0.34 0.56 No
prt
1 04:11 01:15 55.60 <0.01 Yes 03:33 01:22 41.68 <0.01 Yes 1.77 0.19 No
2 01:40 00:23 01:05 00:31 12.03 <0.01 Yes
prt1
1 00:40 00:13 56.61 <0.01 Yes 00:37 00:17 27.45 <0.01 Yes 0.25 0.62 No
2 00:13 00:03 00:13 00:03 0.06 0.81 No
Driving
drt
1 05:36 01:24 10.45 <0.01 Yes 05:05 01:01 14.55 <0.01 Yes 1.35 0.26 No
2 04:09 01:00 04:00 00:24 0.27 0.61 No
drn
1 5.53 2.88 4.52 <0.01 Yes 2.93 3.01 0.00 1.0 No 5.71 0.02 Yes
2 3.27 2.96 3.00 2.56 0.07 0.79 No
The parameter plmt recorded the total time the participant spent on placing markers or tokens.
In the first trial, the mean was 03:05 in VR and 01:33 in non-VR. Thus, the time in VR was 1.98 times
longer than the time in non-VR. In the second trial, the mean was 01:04 in the VR version and
00:51 in non-VR. The time in the VR version was 1.25 times longer than the time in the non-VR
version. In each of the trials, the time duration was a significant difference between the two versions.
Participants who played the VR version of the game spent a longer time in the planning phase than
the participants playing the non-VR version. As shown in the “Between-Trial Comparison” columns
in Table 4, the value of plmt is decreased significantly from the first trial to the second trial in both
versions, and such a decrease is significant since F(1, 28) = 29.21, p < 0.01 in the VR version and
F(1, 28) = 19.70, p < 0.01 in the non-VR version.
The parameter plmt1 recorded the time that the participant spent on placing the first marker or
token. The value of this parameter indicates how long the participant took to learn and understand task
requirements and basic operations. In the first trial, the mean value of plmt1 in the VR version was 01:39
and the mean value was 00:40 in the non-VR version. The difference in plmt1 between the two versions
is significant since the results show F(1, 28) = 6.04, p = 0.02 in the “Between-Version Comparison”
column. This indicates that participants who played the VR version spent longer learning how to
operate the game than the participants who played the non-VR version. In the second trial, there was
no significant difference in plmt1 between the two versions. The time for the VR version was 00:29 and
the time for the non-VR version was 00:31. The value of plmt1 decreased significantly from the first
trial to the second trial in both versions. We observed that after the first trial, participants understood
clearly the task requirements and basic operations. There was no learning difficulty for participants in
the second trial.
The parameter plct recorded the time spent on calculating the driving time with the given distance
and maximum speed. The results do not show a significant difference for this parameter between the
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two versions or between the trials. However, we observed that from the first trial to the second trial,
the value of this parameter decreased significantly in both versions.
6.1.2. Evaluation of the Preparing Phase
In the preparing phase, participants assembled the lunar rover with constantly proposed
requirements for each of the five tasks, as described in Section 4.2. After the participants added
all the devices that they thought were required for a task, they clicked the submission button. If the
devices were added correctly, they would move to the next task. Otherwise, they had to select
appropriate devices again and resubmit. Note that in the game, the order of the five tasks is different
in the first trial and the second trial. The order the devices are displayed in is random and so will most
likely be different between the two trials. The parameter prn records the number of submissions the
participant made. The results do not show any significant difference in prn between the two versions
or between the two trials. However, from the first trial to the second trial, the number of submissions
decreased significantly in both versions. This is because the participants became familiar with the
devices in the inventory in the second trial, so they could determine the correct answer more quickly.
For the first trial, the total time (prt) that the participants spent on finishing this phase in the
VR version (M = 04:11, SD = 01:15) was not significantly different to the time spent in the non-VR
version (M = 03:33, SD = 01:22). However, there was a significant difference in the second trial. In the
second trial, the mean value of prt was 01:40 in the VR version, and the mean value was 01:05 in the
non-VR version. Between the two versions, the results have F(1, 28) = 12.03, p < 0.01. In each version,
the value of prt decreased significantly from the first trial to the second trial.
The parameter prt1 records the time that the participant spent on the first submission. In each
trial, there is not any significant difference between the two versions. In each version, the value of prt1
decreases significantly from the first trial to the second trial.
6.1.3. Evaluation of the Driving Phase
Participants drove through all station stops and came back to the Lunar Module (the landing
location). In each trial, the total time that the participant spent on finishing this phase (drt) was not
significantly different between the two versions, as shown in the “’Between-Version Comparison”
column in Table 4. For example, for the first trial, the mean value of drt in the VR version was
05:36, which is almost the same as the mean value in the non-VR version, which was 05:05. In each
version, the decrease in the value from the first trial to the second trial was significant, as shown in the
“Between-Trial Comparison” columns in Table 4 for each of the versions.
In the driving phase, participants had to monitor the battery temperature and motor temperature
in order to avoid the issue of overheating. If the rover starts overheating, the participant should reduce
the speed or completely stop the rover to let it cool down. We defined the parameter drn to record the
number of times that the rover overheated. In the first trial, the mean value of drn in the VR version
was 5.53, which is higher than the value of 2.93 in the non-VR version. The difference in drn between
the two versions in the first trial was significant (F(1, 28) = 5.71, p = 0.02). This indicates that in the
first trial, the participants tended to drive more aggressively in VR than in the non-VR version of the
game. In the second trial, however, the participants who played the VR version of the game performed
more calmly than in the first trial. There was no significant difference in drn between the two versions
in the second trial (F(1, 28) = 0.07, p = 0.79). We observed that in the second trial of the VR version,
participants paid more attentions to the prompted messages than in their first trial.
6.2. Game Engagement
We employed the GEQ and a post-game interview questionnaire to evaluate game engagement.
Table 1 shows the results of the GEQ. The GEQ provides a total of 19 questions. The VR version of the
game had better results than the non-VR version in 11 questions. For example, for the question “I feel
spaced out”, the VR version received a score 47% higher than the non-VR version of the game. For the
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question “I lose track of where I am”, the VR version received a score 52% higher than the non-VR
version of the game. The VR version of the game also received higher scores on the questions “I feel
scared” and “I get wound up” . Since they are negative questions, higher scores indicate a weaker
engagement in the game.
The results of the interview questionnaire are showed in Table 2. The averaged rating for the
non-VR version was 8.26/10, and the averaged rating for the VR version is 8.60/10. The overall
rating for the VR version was higher than the non-VR version, but this was not a significant difference.
Participants rated the difficulty level of the VR version (4.07/10) higher than the non-VR version
(3.13/10).
The interview questionnaire asked participants whether they wanted to learn more about the
historical events of lunar exploration missions. The VR version of the game received a rating of
8.47/10, which is significantly higher than the non-VR version’s rating of 7.67/10 (F(1, 28) = 4.97,
p = 0.03). Moreover, for the question asking whether they gained interest in space science, the VR
version received the rating of 8.33/10, which is significantly higher than the rating of 7.60/10 for the
non-VR version (F(1, 28) = 4.52, p = 0.04).
Motion sickness could be an issue in the VR version of the game. The interview questionnaire
asked participants if they felt motion-sick during play. We received the rating of 2.60/10 for the
non-VR version and 3.90/10 for the VR version. Thus, the VR version has a higher chance of making
participants feel motion-sick. We observed that some participants started feeling motion-sick when
they entered the driving phase because of the bumpy lunar terrain surface. This has a negative impact
on VR-based game engagement.
In the game, there is a crater near the landing site that is displayable on the terrain map in the
planning phase and approachable in the driving phase. The interview questionnaire asked participants
whether or not they noticed the crater and asked them to describe the location of the crater. A total
of 16 participants answered correctly, including 6 participants who played the non-VR version and
10 participants who played the VR version. We observed that participants who played the VR version
gained a better understanding of the nearby environment and performed better on tasks of identifying
locations and directions.
As we observed in the literature, astronauts in the real lunar exploration mission gained
information on the mission either during the pre-launch training or through voice communications
with HQ. In the game, participants had to read texts on the screen to know the functionality of the
scientific instruments or follow along the mission tasks. Reading screen displays is not the intuitive
method for this gameplay, and consequently it may decrease the level of engagement.
6.3. Discussion
In our experiment, when participants were playing the VR version of the game, they used extra
time to get familiar with the VR environment and learn how to operate the handheld controllers.
Subsequently, it took longer for them to finish the game. In contrast, the participants did not need a
learning or tutorial session to learn how to use the keyboard and mouse in the non-VR version. In our
experiment, we noticed that participants took about 22 min to finish the VR version of the game and
17.5 min to finish the non-VR version. We also found that performing an operation in VR usually takes
longer than performing one in the non-VR version. In the non-VR version, the participants moved the
mouse and clicked a button to finish an in-game event. However, in the VR version, participants had
to point to an object, grab it, and then drag it to a certain place. This may make the participant spend
longer on completing a game in VR. In the second trial in the study, participants usually performed
better than in the first trial. This happened in both the VR and non-VR versions. User performance
improvement is more significant in the VR version, and the performance gap between the two versions
was largely reduced in the second trial.
We noticed that even though some participants experienced motion sickness, they still provided
positive feedback on their overall gameplay experience. Participants who played the VR version also
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gave higher scores than the participants who played the non-VR version for the interview question
about how well the game promotes interest in space science.
7. Conclusions and Future Work
In this paper, we designed, implemented, and studied a serious lunar exploration mission VR
game. We demonstrated the design differences between the VR version and the non-VR version.
We discussed the usability and engagement study between VR and non-VR versions. The results of
our experiment indicate that in our game, the non-VR version leads to better user performance than
the VR version. Users usually needed extra time to get familiar with the VR environment and the
use of handheld controllers. After practicing in VR however, the performance gap with the non-VR
version reduced significantly. More importantly, the VR version improves the game engagement and
enhances the interest of players in learning more about space science and the historical events of
lunar exploration.
In the future, we plan to add a multiplayer mode to the game. We want to study the usability and
game engagement through multiplayer cooperation on lunar exploration missions. We also plan to
improve the naturalness of the interaction with the virtual reality environment. For example, we could
employ a hand-gesture-based input modality for gaming controls instead of using handheld controllers.
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Abstract: Many researchers consider Gamification as a powerful way to improve education.
Many studies show improvements with respect to traditional methodologies. Several educational
strategies have also been combined with Gamification with interesting results. Interest is growing and
evidence suggest Gamification has a promising future. However, there is a barrier preventing many
researchers from properly understanding Gamification principles. Gamification focuses of engaging
trainees in learning with same intensity that games engage players on playing. But only some very
well designed games achieve this level of engagement. Designing truly entertaining games is a
difficult task with a great artistic component. Although some studies have tried to clarify how Game
Design produces fun, there is no scientific consensus. Well established knowledge on Game Design
resides in sets of rules of thumb and good practices, based on empirical experience. Game industry
professionals acquire this experience through practice. Most educators and researchers often overlook
the need for such experience to successfully design Gamification. And so, many research papers
focus on single game-elements like points, present non-gaming activities like questionnaires, design
non-engaging activities or fail to comprehend the underlying principles on why their designs do not
yield expected results. This work presents a rubric for educators and researchers to start working in
Gamification without previous experience in Game Design. This rubric decomposes the continuous
space of Game Design into a set of ten discrete characteristics. It is aimed at diminishing the entry
barrier and helping to acquire initial experience with Game Design fundamentals. The main proposed
uses are twofold: to analyse existing games or gamified activities gaining a better understanding of
their strengths and weaknesses and to help in the design or improvement of activities. Focus is on
Game Design characteristics rather than game elements, similarly to professional game designers.
The goal is to help gaining experience towards designing successful Gamification environments.
Presented rubric is based on our previous design experience, compared and contrasted with literature,
and empirically tested with some example games and gamified activities.
Keywords: gamification; game design; rubric
1. Introduction
In recent years, Gamification [1,2] is getting considered a magic solution for most educational
problems. Many researchers and practitioners chase it, and many studies try to unveil its secrets and
details. In one form or another, the term and the field are acknowledging the power of games to engage
and induce states of flow in players. Gamification chases this power to apply it to environments that
originally are not ludic. The aim is to get people engaged in serious or important work with the same
intrinsic motivation than in games.
This enterprise is noble but extremely complicated. As more and more research is being carried
out, results remain unclear [3–8]. Hundreds of research experiences have been undertaken with mixed
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results. Many studies find benefits when applying Gamification, but many others do not and even
some of them report damage. Overall tendency seems to report some small but measurable benefits.
These results are quite unexpected compared to the exponential rise in game sales and gaming culture
in general.
The problem with most Gamification research seems to be in its different focus from actual Game
Design. Many studies pursue scientific isolation of statistical variables. This leads them to consider the
isolated influence of individual game elements like points, badges and leaderboards in motivation
and behaviour change. The problem with this approach is that a game is not an unrelated set of game
elements. Metaphorically, a game is similar to a grand-cuisine dish: testing its isolated ingredients in
other contexts does not convey useful information to learn to cook the dish.
This view is supported by relevant Gamification practitioners like Kevin Werbach, Yu-kai Chou
or Sebastian Deterding [9–11] and also Game Design experts like Raph Koster or Jesse Schell [12,13].
In Werbach’s words [9]: “Clearly not everything that includes a game element constitutes gamification.
Examinations in schools, for example, give out points and are non-game contexts.” Deterding goes
beyond that in Reference [11]: “The main task of rethinking Gamification is to rescue it from the
gamifiers.” For Deterding, the majority of gamifiers are confused as they simple try to add points,
badges and leaderboards to everything, with great disregard to the complexities of Game Design.
Games are complex environments that deliver experiences to players [13]. They are made of game
elements, similar to a dish is made of ingredients but the process, interactions, uses and objectives are
key for the final result:
“Gamification should be understood as a process. Specifically, it is the process of making activities
more game-like. Conceiving of Gamification as a process creates a better fit between academic and
practitioner perspectives. Even more important, it focuses attention on the creation of game-like
experiences, pushing against shallow approaches that can easily become manipulative. A final benefit
of this approach is that it connects Gamification to persuasive design.” Kevin Werbach [9]
These reasons could explain why there is no scientific consensus on a formal approach to
Gamification. There are analyses of the characteristics of good games [14,15] which Gamification
pursues. There also are methodological approaches, design frameworks and even descriptions of
design patterns based on Game Design principles, good practices and experience [3,16–21]. However,
all approaches rely on subjective interpretation and creative design. In fact, many professional Game
Designers and researchers express their view that games cannot be formally specified at all [22,23],
Even if games cannot be formally specified and individual game element research does not yield
complete information, there are useful approaches [16,24]. Assuming that Game and Gamification
Design are artistic in essence, approaches the focus on acquiring design experience. There is no need to
solve “what-is-a-game” philosophical debate. Game-like designs able to become engaging voluntary
experiences for players could be successful. Willingness can make experiences fall in persuasive or
seductive sides of Tromp, Hekkert and Verbeek’s matrix in which design can influence behaviour [25].
Similar to References [9,11–13], this work focuses on this practical approach.
The main goal of this work is to help acquire Game Design experience for Gamification.
Experienced practitioners may found methods, frameworks or models cited in the literature more
suitable to their needs, particularly References [3,17,18,20,26]. These works have great value but
require previous Game-Design-Based Gamification experience to be fully comprehended and put into
practice. To build such required previous experience a practical and simple approach is proposed:
a measurement tool, a rubric, with great focus on Game Design aspects rather than on game elements.
Acquiring Design Experience
As previous design experience seems key [9,12,13], our proposal for new practitioners is creating
and testing their own designs. In our experience, iterating over own designs leads to obtaining solid
game-design-based Gamification design skills. However, analysing and improving designs results
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in an almost impossible task for inexperienced designers. On the absence of personal experience
to rely on, the only valid source is testing. Testing with trainees is essential but doing so with no
previous design guidance could result on a extremely slow and frustrating discovery process. This is
an entry barrier that can produce two important problems: too many failures on initial attempts,
and abandon due to frustration. Moreover, when initial failures are not identified as a consequence of
lack of experience, they can result in research papers blaming the field itself.
During fifteen years teaching Game Development and Gamification [27,28], we have perceived a
great difficulty to pass on design experience to new practitioners. The problem, as discussed, seems to
be on the artistic nature of Game Design. Novice practitioners often underestimate the complexity
of creating a design that can be put in practice, not to say a successful one. This is problematic, as
their initial experiences will probably fail and be frustrating. There are design frameworks, methods
and guidelines proposed for game and Gamification [3,16,18–21,29] that could help in creating better
first designs. However, these proposals are either general or specifically for experts. They are not
designed with novices in mind and can easily result overwhelming for them. For instance, Kreimeier’s
patterns [16] condense many designers’ experiences. This is highly valuable but almost impossible
to properly understand without previous experience on pitfalls and failures. Tondello et al. [20]
explicitly state “Our set of heuristics is aimed at enabling experts to identify gaps in a gameful
system’s design” which clearly leaves novices out. Linehan et al. [3] propose to use Applied Behaviour
Analysis from the field of psychology with many interesting theoretical explanations. This is too much
theoretical information for novices which probably will require several testing iterations to relate it to
actual practice. Similarly, Self-Determination Theory (SDT) [29] is the most widely cited theoretical
framework. In essence, SDT is easy to understand but too generic. Novices need more specific and
game related descriptions, as SDT is purely psychological. Hunicke et al. proposal [18] splits Game
Design into three blocks: Mechanics, Dynamics and Aesthetics (MDA). This simple classification
helps organizing designs, which is very useful for novices but does not help in measuring their value,
comparing with others or giving hints on how to improve them.
To help in this process, this work proposes a game-design-based rubric. This rubric focuses
on measuring how well designed a game or activity is, from a game-design-based Gamification
perspective. The measure is formalized as a score from 0 to 20 points; the greater the score, the
better. The rubric is based on a set of ten characteristics related to successful designs. These ten
characteristics have been selected from our previous experience in Game Design and Gamification,
partially in accordance to previously discussed works and with an aim to simplify analysis. The goal
is being useful enough to serve as analysis and design tool, at the same time as being simple enough to
help novices.
It is important to remember that there is no known way to perform an objective assessment of
a given design. The assessment obtained with the proposed rubric is to be considered a simplified
initial guidance. This guidance is targeted at inexperience designers to help them overcome the entry
barrier. In this sense, the rubric helps discretizing designs and moving them from the artistic to
the analytic dimension. It also helps identifying potential areas for improvement, pointing to those
underperforming characteristics of a given design. These values are complementary to previously
analyzed formal tools and frameworks, which makes it interesting to be combined with them.
Section 2 describes the ten selected characteristics for the rubric in detail, explaining their design
implications. Section 3 presents the rubric and explains its design constraints and criteria. Section 4
shows some initial evidence on the validity of the rubric by applying it to four activity samples: a
commercial game, a gamified course from literature, a learning activity and a gamified version of the
learning activity. Finally, Section 5 sums up conclusions and limitations of this work.
2. Ten Relevant Characteristics for Game-Design-Based Gamification
This section describes in detail the ten selected characteristics in the proposed rubric.
The importance of each one is discussed by highlighting relevant psychological arguments
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considered and comparing classical educative environments with successful commercial games.
Moreover, considerations from prestigious game designers are also cited and analysed from their
published works.
This set of characteristics greatly overlaps those described by previous works [3,16,17,19–21],
specially Gee’s learning principles good games incorporate [14,15]. Most works are generalist and
some are specifically focused on experts. That could be overwhelming for novices. Our proposed set
aims to fill in this gap. Its intended value comes from its use case goal: simple and easy to understand
for new practitioners.
We acknowledge that this set is subjective in nature, despite the arguments presented and
discussed. We propose them out of previous Game Design and Gamification experience and we expect
following works to help refining it after gathering appropriate usage evidence. Section 4 gives an
initial piece of evidence on the validity of this set for guidance and ground basis to start retrieving
more evidence.
Description of the ten characteristics follows in no particular order.
2.1. Open Decision Space
Autonomy is one of the center points of intrinsic motivation. In order for a trainee to be truly
autonomous, there must exist different possible decisions to take. In fact, the greater the space of
possible decisions over time, the better. However, there are some common misconceptions whose
analysis is relevant.
• Correct decisions ill-form decision spaces.
Many Gamification designs reside on questions or alternative paths, being only one of them correct.
This represents and ill-formed decision space because there is no true decision to take. Trainees
are not being asked to decide and progress but are being tested instead. For an environment to
foster autonomy and provide a truly open decision space, decisions should not be designed as
correct/incorrect. In contrast, decisions must produce consequences and trainees should be free to
play with situations, environments and consequences, experimenting and learning from results.
• Discrete custom-designed decision spaces challenge autonomy.
It is common to manually design all possible decision choices. It seems natural to attempt
to directly transmit knowledge to trainees. We teachers tend to transform our knowledge
into possible situations, producing some form of decision-tree. Decision space is reduced to
pre-designed knowledge, what challenges autonomy. Trainees usually imagine decisions they
would take but have to accommodate to designed choices. Creativity is prevented, curiosity
diminishes and frustration raises. Open decision spaces that let trainees experiment with their
ideas tend to be continuous, not pre-designed, more similar to simulations than to decision-trees.
• Failing to consider movements and interactions as decisions.
The term ’decision’ is naturally related to high-level abstract thinking and neo-cortex processing.
But any action a trainee performs on any instant is a decision. Many designs do not consider
them as part of the decision space. This produces designs where either trainees cannot move or
their movements are meaningless. As interacting with the world is one of our richest sources of
information, failing to consider it greatly limits decision spaces.
These points are clearly addressed by great games. Decision spaces are usually continuous,
as players can move freely over time and experiment the consequences of their interaction decisions.
Take for instance Super Mario Bros for Nintendo Entertainment System (NES) (see Figure 1) [30].
When facing the first enemy there are virtually infinite ways to do it. We often simplify it by thinking
that you can jump on it, jump over it or collide with it and die. However, there are virtually infinite
alternatives: jumping earlier or later, higher or lower, faster or slower and so forth. Players could
even jump several times back and forth, advance and retreat, or do anything they can imagine based
on the free will given by the rules of the world. In fact, Demain et al. prove that Super Mario Bros is
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PSPACE-complete [30], the harder class of problems that can be solved in polynomial time. Of course,
this great complexity comes exactly from the openness of its decision space. Generally speaking,
broader decision spaces that are not ill-formed produce more complex problems. And the greater the
complexity, the more the options for creative behaviour, which fosters player autonomy.
Figure 1. Start of the first level of Super Mario Bros game. There are virtually infinite possible decisions,
in the form of movement sequences. Players can press up to 60 combinations of inputs per second.
2.2. Challenge
Designing challenging activities is a key point in Gamification and a difficult task to accomplish.
An activity is considered challenging when it tests the limits of our ability in subtle ways.
Oversimplifying, a design space can be considered with only two dimensions: difficulty of the
task and ability of the trainee. When both difficulty and ability match, trainees are faced with activities
that they are able to solve [31]. However, when difficulty is much higher than ability, trainees usually
get frustrated. On the contrary, if ability is much higher than difficulty, then trainees probably become
bored. There is a narrow space in between both extremes where difficulty and abilities are evenly
matched. This simple analysis on activity design-space for challenge is the basis for the theory of the
channel of flow [32] (see Figure 2).
Figure 2. (Left) The flow channel. (center) Linear incremental difficulty design that perfectly matches
abilities. (right) Rhythmic incremental difficulty design.
In essence, challenging trainees consists in assigning then interesting tasks that lie on the verge
of their abilities. Although simple in concept, challenging trainees in an educational environment is
difficult. A trainee can fail in a challenging task several times while learning. Educational environments
tend to punish failure by diminishing trainees marks. This is contrary to using challenge as a driver
for learning and motivation. In the presence of punishments, trainees avoid difficulty even at the cost
of boredom and diminished learning. Marks are the most important outcome pursued by trainees and
that must be taken into account.
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The flow channel shown in Figure 2 (left) represents a dynamic space. Trainees’ abilities evolve
over time. As abilities increase, previous challenges become boring and new ones are required. Tasks
have to be designed with incremental difficulty in mind. Figure 2 (center) represents the general
concept of incremental difficult with an ideal linear progression. However, this progression should
not be considered ideal. As we humans are not machines, our brains usually distaste flat linear
progressions. Hollywood movie makers usually design movies following a sinusoidal pattern of fast
action events followed by relaxed moments. Figure 2 (right) shows this same concept applied to
incremental difficulty. This approximation generates stress spikes followed by more relaxed moments.
Stress spikes on the verge of the flow channel force trainees to push their limits, adapt and learn. Easier
activities let trainees reinforce their sense of progress at the same time they release previous stress
and prepare for next spike. Moreover, relaxed moments represent also a psychological reward, as
trainees subconsciously acknowledge their new abilities. This pattern is completely similar to General
Adaptation Syndrome described by Hans Selye [33] and summarized in Figure 3.
Figure 3. General Adaptation Syndrome. Challenging tasks produce stress, test available abilities
and yield failures. Present abilities are improved as resistance, then new ones are developed as
super-compensation. Relaxing helps fixing acquired abilities, as continued stress ends up in exhaustion.
2.3. Learning by Trial and Error
This is arguably one of the key differences between great Computer Games and traditional
teaching environments. As discussed before, great computer games appropriately challenge players.
Proper challenges put players into an edge where they can narrowly succeed or fail depending on
their abilities [15,26]. This produces engagement on the most relevant thing a game conveys: learning.
Players fail many times and try again, learning from their failures. They continue trying as long as
they feel competent to learn and eventually succeed. This guiding force comes from human natural
desire to learn and so it reinforces autonomy and will. This cycle happens so naturally because great
computer games are safe environments for failure. Players do not want to fail but they are not afraid
to do so either. They assume failure as part of the learning process and then try different things to
improve their abilities.
In contrast, traditional learning environments are designed to prevent, prosecute and punish
failure. This situation often arises from assessing learning on the basis of task results. Two trainees
solving a given task can obtain different marks depending on their failures during respective solving
processes. This situation drives trainees to focus on preventing failure at all costs to preserve their
marks. All learning through challenge and experimentation gets removed from the environment.
In order to mimic computer games and get the benefits from challenge and experimentation,
trial and error must be considered as a center way to learn. A proper Gamification design should
focus trainees on goals and let them freely experiment and fail without punishment. Trainees need
to acknowledge that failing is safe to be confident enough as to experiment. In fact, it would even
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be better if the environment encourages them to fail and analyse: learning from failure is extremely
valuable and often forgotten due to too much focus on task results.
Moreover, solving problems by trial and error, creating solutions, failing, redoing and refining
produces “professional experience”. In fact, professionals usually say that the greatest expert is
a person who has committed all possible mistakes. A great Gamification design understands the
importance of experience and designs situations for trainees to learn by trial and error.
2.4. Progress Assessment
Computer games generate virtual environments that evolve with player interactions over time.
This evolution immediately informs players about their progress inside the game. Many computer
games also include progress measures and feedback systems that constantly inform players about
their statistics, achievements, awards, status and, in general sense, progress. Part of the engagement
of players in games comes from their sense of progress [3]. Players build upon their own progress as
their achievements encourage them to pursue next steps far beyond.
Many learning environments feel very different. Trainees attend lessons and then have to practice
or study contents on their own. There is few or none feedback on their progress. Occasionally they
can check if they manage to solve some exercises. However, this is radically different from having a
constant feedback on progress and clear goals to next levels. One key element in this feedback are
measures of already achieved success. Whenever players obtain any award or finish levels, they move
on in their gaming adventure and their previous success is acknowledged. Their achievements are
never removed, even if they fail afterwards [14]. Compare this with lessons in which a trainee can
solve all proposed exercises but fail on the final exam. There is no progress at all because there is
no assessment and acknowledgement. All that matters is the result of the final exam. And that is
the reason why many trainees do not care about solving exercises during lessons. They only need to
prepare them at the end and do well on their exam: progress does not matter at all.
In order to generate engagement and maintain interest, Gamification designs should include
one or several forms of progress assessment. Moreover, designing for progress assessment also helps
better designing incremental difficulty for challenge, as progress and difficulty are closely related [26].
Ideally, progress assessment should not be based on extrinsic rewards like points or badges. Intrinsic
motivation requires trainees to be focused on learning goals per se. Too much emphasis on extrinsic
rewards can change trainees’ focus, which would be detrimental for learning. For example, some
trainees focus on passing subjects to get a degree without worrying about learning. Getting a degree is
an extrinsic reward that eclipses their interest for learning and getting abilities. Consequently, using
extrinsic rewards to assess progress should be done with care, ensuring that the main focus is always
placed on learning goals.
2.5. Feedback
The most relevant difference between computer games and traditional learning environments lays
in quantity, quality and rapidity of feedback response. Many good computer games act as simulations,
which confers them similar properties to reality: players get immediate feedback response to any of
their actions. This is a key point both for learning and engaging: immediate feedback. It is better
understood with an example: imagine a child learning to play soccer. Every time the child kicks the
ball, it reacts and moves depending on the kick. This feedback lets the child learn applied physics: the
child learns to control movement, spin, momentum and force transmitted to the ball through kicking.
Now imagine a delayed ball that reacts 24 h after being kicked. Learning how to kick the ball and
get a desired reaction would require great patience and effort. Many trainees would rapidly desist,
demotivated by such slowness, unable to effective learn. Appropriate, on-time feedback is crucial for
both learning and engaging [3,12,13,26].
This is an important problem of many traditional learning environments. Many of the learning
activities require to be assessed by a teacher. For instance, trainees solving math exercises wait until
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they receive teacher corrections. This is similar to the 24-h delayed ball of our previous example.
A computer game designed this way would probably be played by no one. A designer would probably
envision something more dynamic like “Sum Totaled” mini-game inside “Brain Age Express: Math”
from Nintendo DSi [34] (see Figure 4). In this mini-game, monsters attack the player who can destroy
them by adding the numbers on their bodies. The player has 3 lives that are lost every time a monster
hits player’s avatar. The activity is based on adding numbers but its rules make it dynamic and the
player gets constant, immediate feedback: enemies explode when the player writes down a correct
answer and action continues uninterrupted otherwise.
Figure 4. (Left) Brain Age 2. Sum Totaled. Player writes ’12’ (7 + 5) to destroy the monster on the top
before it fells down and takes one of the three lives. (Right) Traditional addition practice.
Comparison between Sum Totaled game and the traditional addition practice in Figure 4 shows
the importance of appropriate feedback. Both activities are mathematically the same (apart from their
difference in difficulty) but trainees performing it traditionally will have no feedback stimuli to learn
from. They will need to wait for teacher corrections. Moreover, game dynamics encourages trainees
stop fearing failure and produce more answers, because being quick is crucial. This promotes learning
from failure and has the potential to make learning more time/cost efficient.
2.6. Randomness
Randomness is a relevant factor for learning and engaging and links both of them together.
In its most fundamental definition, learning is about discovering and modelling patterns and testing
constructed models against reality through experimentation. This describes an iterative process for
learning, in which engaging arises naturally when trainees constantly find new ways to refine and
validate their mental models. An appropriate degree of randomness can keep trainees iterating longer,
as their minds will continuously try to refine their models based on unexpected observations. Human
minds are not well suited for dealing with probabilities, as they tend to model in terms of strong
cause-effect relationships. This generally explains contexts like gambler’s fallacy or the hot hand
fallacy [35]. These fallacies show us that randomness itself can be used to produce engagement.
Therefore, it is quite relevant for games and Gamification designs.
Well designed randomness can provide a useful consequence: surprise. Surprise is one of the
most desirable feelings both in learning and playing. Schell describes it as “so basic that we can easily
forget about it” in Reference [13]. Schell also describes fun as “pleasure with surprises” and remembers
that “Surprise is a crucial part of all entertainment - it is the root of humour, strategy and problem
solving. Our brains are hard-wired to enjoy surprises”. In fact, surprise happens when observations
are radically different from our mental models. The more unexpected the event that happens, the more
information it carries: this is a natural consequence of the definition of entropy in information theory
by Shannon [36]. This means that surprises are great sources of new information, which can potentially
push trainees to revise their mental models, that is, to learn.
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Consequently, it is key to consider appropriate uses of randomness in our Gamification designs to
foster engagement and learning through surprise.
2.7. Discovery
As Koster states in Reference [12] a good game is one that “keeps the player learning”. One of the
most important ways to keep players learning is presenting them with new content at an adequate rate.
This renews interest in the game and keeps players eager to continue discovering more. It can also
trigger surprise, depending on the nature of the new content and the way it is presented. However,
discovery is as difficult to design as challenge. New content has to build up on previous content to
balance novelty and familiarity. Similar to the flow channel (Figure 2), if a content is radically new
it can easily be difficult to understand or accept. New information that cannot link to pre-existing
mental models becomes similar to noise: no pattern can be found in the information and so it cannot
be modelled and learnt. Some degree of familiarity is needed to help players understand, accept and
enjoy new content but too much would eclipse novelty, making new content not feel new at all.
Games present basically two ways for new content delivery: discovery and unlocking. Unlocking
works by asking players to perform some achievements to unlock new content. Typically, this means
finishing some levels before being able to play new ones. The other way is by placing new content in
such a way that players will discover it while playing. Discovery can be equivalent to unlocking by
delivering same content at same rate. However, well designed discovery can produce better feelings
on players, like surprise, reaffirmation and self-esteem raise. Moreover, discovery can also be designed
non-linearly. Games can have secret content, not required to succeed, but present only for players
that go beyond normal play. This is also an indirect way to reward players for their attention to
detail, research or clever play. It is also an interesting way to convey rewards, as discovery would
not be perceived as a reward but as a personal achievement. This has higher probability to foster
intrinsic motivation.
Discovery is not commonly used in Gamification. This is probably due to the difficulty of content
and activity design. Educational contexts tend to be linear and content is usually known beforehand.
Trainees expect contents to be introduced first, then explained linearly. This relates to what we stated
in Section 2.1: activities and contents are usually designed with a single correct path, expecting a
concrete answer. To add discovery, designs require open spaces in which trainees decisions are relevant.
Otherwise, discovery has no meaning at all. And this is the root of the difficulty for including discovery:
it is difficult to design activities or content with proper open decision spaces. So, when willing to
introduce discovery, it is advisable first to think about activities with open decision spaces.
2.8. Emotional Entailment
Emotions have been generally ignored in education. Educational context usually focus on factual
content, leaning and methodologies for better learning. Everything tends to be concentrated on
effectiveness of factual learning. Emotions are seldom considered. However, it is quite common for
trainees to define their teachers in function of their feelings. Usual comments include “I like lessons
from this teacher because they are X”, being X a qualifier like “fun”, “entertaining”, “approachable”,
“kind”. Emotions are a key factor in all human relations and they also play a key role in learning and
engaging. It is known that high intensity emotions produce long lasting memories. In fact, even before
the term Gamification were coined, many studies targeted fun as a catalyst for learning [37–39].
Similar to movies, games cannot be successful without paying close attention to emotions. At the
very least, a game is always expected to be fun. But fun, like any other emotion, is created inside
player’s mind. In Schell’s words, “When people play games, they have an experience. It is this
experience that the designer cares about. Without the experience, the game is worthless” [13]. The game
itself is not the experience rather than the tool that enables it. That is what makes anything we create
different for each person: the experience happens always in the mind of the player. And that makes it
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so important for games to be emotionally entailing, because they will attach to emotions in the mind
of the player producing a much better and personal experience.
Gamification tends to use the same main tools games use to construct emotional entailment:
characters, stories and aesthetics [13]. The problem usually lies in the complexity of these tools. All of
them require great abilities and long periods of time when trying to mimic what commercial games do.
This is too expensive and usually not cost/effective in educational environments. Simple approaches
are preferred in this case: simple stories like “escape from enchanted house” or “disarm the bomb”
could be enough for an emotional entailing environment. Trainees could be given freedom to create
their own characters (like in role playing games) and aesthetics could be imaginary. Moreover, direct
interaction between trainees could also help creating emotional entailment. Forming groups, sharing
challenges and achieving common goals are preferred approaches in educational environments.
2.9. Playfulness Enabled
A playfulness enabled game refers to its versatility to be used as a toy. Games have goals, toys do
not. Some game can be played without focusing on goals, in a playful way. Some examples include
Minecraft, Grand Theft Auto series or Goat Simulator (see Figure 5) [40]. This kind of games are
classified as sandbox or open-world.
Figure 5. (Left) An example world constructed in Minecraft. Similar to LegoTMblocks, no rule forces
players to build anything specific. Creations come out of personal will, just because the game allows
them. (Right) In Goat Simulator there is no specific reward for jumping over an ultralight but players
do it because they can and it is fun: it is a way of experimenting, just like in the real world.
On latest years game designers are paying more attention to playfulness as sandbox or open
world games are increasingly more demanded. Reasons for this demand have already been pointed
out: players have complete autonomy for developing their own creativity in vast open decision spaces,
they can pursue their own goals, experiment by trial and error, create their own personal challenges
and constantly discover what happens as a result of their actions. Clearly, these kind of games properly
address many of the items in this rubric, including playfulness ability. Some of these games have
goals also but they let and encourage players to do anything they like, pursue goals in any order or
even forget about goals and just explore and experiment. This is how these games become toys: they
can be played in almost any imaginable way by players, similar to children playing invented games
with a ball. The ball is a just a toy that can be used for any kind of play.
Playfulness is absent most of the time in educative environments. However, it is present on
research and development environments. In fact, most of present discoveries in many branches of
knowledge came out of experimental approaches. These approaches are completely similar to the
playfulness nature of toys. Research has no intrinsic goals in general: it emerges from raw questions.
Researchers are presented with current evidence and they ask questions about why or how things
happen. That leads to experiments to seek answers and this gives new evidence. Evidence then gives
ideas to developers to create. And all this cycle is driven by curiosity. Therefore, it could be considered
a playfulness approach, as it is completely similar.
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This characteristic is highly desirable in our educative environments. Curiosity is the most
important driver for knowledge and a playfulness enabled environment fosters curiosity and
experimentation. However, there is a great challenge involved. As teachers we usually design
from knowledge to activities. This implies that activities are designed to practice and acquire some
concrete knowledge or abilities. So activities tend to be the opposite of sandboxes: they are usually
focused on some finite set of goals and give little or no space to trainees for experimentation or play.
Great Gamification designs should change this focus and seek on producing sandbox-like activities.
2.10. Automation
One of the main differences in Figure 4 is due to automation. Characteristics like feedback,
challenge or randomness are greatly affected by the level of automation. A game like Brain Age cannot
exist without automation. Similar games can be made, even in manual contexts but they will be
different to Brain Age.
Interaction based on the immediate feedback from a computer game generates great amounts
of information per second. Players’ brain subconsciously analyse cause/effect relations between this
information and their input interactions. This fosters adaptations in players’ brains as they advance
practicing and mastering the game. This practical learning also happens on sports, which are real-life
games outside a computer support.
When referring to a gamified activity, automation defines the level of human intervention required
to produce responses to trainee’s inputs. It also refers to the need of human intervention to enforce the
rules. Computer games automatically process all inputs from players, give immediate responses and
enforce the rules without any human intervention. By contrast, a group of players of a board game
have to do all this processing: throwing dices, counting, interpreting rules, changing status of the
game and so forth. Exactly the same happens with tests, exams or manual classroom activities.
Therefore, there are two relevant differences between manual and automated activities with
respect to learning: the stream of information generated and the immediacy of the responses to input
interactions. Both have been discussed in previous characteristics like feedback, challenge or learning
by trial and error and have great impact on learning outcomes. For Gamification this means that
automation should be sought always when possible. However, not all contexts are easy or viable to
automate, nor every automation has to include computers. If we consider soccer, most of the game
is automated. A referee is required to enforce the rules but most of its interactions are performed
by the field, the ball, the goals and the players. In fact, a fan soccer match can be played without a
referee. Same happens to other games and sports. This shows that some great level of automation can
be achieved with appropriate real-life designs.
3. The Rubric
Table 1 shows the game-design-based rubric with the ten selected characteristics, their assessment
criteria and assigned scores. The rubric has ten rows, one for each characteristic. Each row is divided
into three columns that hold the criteria to assign scores from zero to two. For each characteristic, the
given score will be at the top of the column that contains the criteria that more accurately describes the
design. For simplicity, only a integer score is assignable to each characteristic.
The rubric has been designed as an instrument and so it meets the requirement to fit in a single
page. To accomplish this, criteria have been written with a few simple words. This makes them simpler,
more direct but less detailed and specific. It is advised to understand written criteria as a general
contextual description. They are thought to be complemented with more detailed descriptions from
Section 2. Also, criteria are written with three or four sentences per cell. For an appropriate application,
they should not be considered a check-list: depending on the design being assessed they could even
be not applicable as they are written. These sentences should better be considered as a description of
general observable symptoms from designs that meet the criteria. This is a consequence of designs
being artistic in nature: strict objective descriptions would not be applicable most of the time.
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Table 1. Ten-characteristic game-design-based gamification rubric.
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Two main outcomes arise from the use of the rubric as proposed: first, the rubric is an easy to
use instrument for assessing strengths and weaknesses of designs with respect to their game-like
characteristics. Second, the knowledge of strengths and weaknesses helps thinking in ways to improve
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designs, creating a feedback cycle of analysis and improvement. These goodnesses are limited by the
subjective nature of the rubric and the discretization it imposes over the analysis space to only ten
characteristics and three scores. However, these limitations are acceptable and even desirable in the
selected context of helping new practitioners to overcome the lack-of-experience entry barrier.
4. Rubric Application Samples
As an initial piece of evidence, we show four samples of application of the rubric to four different
activities in two blocks: Sections 4.1 and 4.2 analyse the Super Mario Bros game and a unsuccessfully
gamified 16-week course described in literature. Sections 4.3 and 4.4 analyse the activity of solving a
single system of linear equations and a gamified activity designed based on linear equations systems
solving. The first pair of examples shows how the rubric compares a successful game with an
unsuccessful gamification expecting a great difference in their scores. The second pair shows how the
rubric measures the difference between a single classic learning activity and a gamification design
produced with the items of the rubric in mind. This gives an idea on how the rubric could be used to
help practitioners create and improve their initial designs.
This small piece of evidence does not prove the general validity of the rubric but yields a initial
hint. More support evidence is required in any case to validate or discard the rubric.
4.1. Super Mario Bros (NES)
Next we will assess the game Super Mario Bros [30] (see Figure 1). The player controls Mario,
a plumber in an imaginary world that has to save his princess from an enemy. For that, Mario has to
surpass many perils and enemies in a series of levels. Mario’s abilities include running and jumping,
getting inside pipes, breaking blocks with a punch from below and firing. Super Mario Bros is classified
as an action-platformer game: most of the time Mario has to jump from platform to platform to surpass
the perils.
Super Mario Bros is considered one of the most played games in videogame history. Millions
of people have played either the original game or any of its successors. Let us apply the rubric and
confirm if this popularity correlates with its score:
• [ 2 ] Open Decision Space. The game lets the user take movement decisions (actions) in a
continuous world. Taking any two players that successfully finish one level, it is almost impossible
that both of them perform the exact same actions. Player is in total control of the action having
potentially infinite options in a continuous space.
• [ 2 ] Challenge. The game is composed of a series well designed levels to challenge players.
Difficulty progression is sinusoidal, with some easier levels after more challenging ones. It is
balanced and tested by designer intuition through iterations.
• [ 2 ] Learning by trial and error. As many games, learning by trial and error is in the very core of
the game. Failure is permitted with a number of lives in one game but there is no limit of games
per player. The player can complete the game regardless of the number of games or lives lost to
learn. Even level design is thought to encourage players to learn by experimenting.
• [ 1 ] Progress assessment. The game assesses the progress of the player through levels and player
status. Whenever a level is finished, the player does not repeat it even if lives are lost. Inside
a level, the player always knows how to continue to achieve the end and feedback through
movement, points, enemies and music reports the progress.
• [ 2 ] Feedback. Similar to most action-platformer games, there are sixty frames per second
of continuous cause/effect feedback that lets the player sense control and learn. Moreover,
game design informs of all events happening such us lives lost, enemies beaten, objects obtained
and so forth.
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• [ 1 ] Randomness. Although the game is predictable, with no actual random events happening,
there are some enemies with elaborated movements that give the player some sense of
unpredictability.
• [ 2 ] Discovery. Players discover new levels and worlds as they finish previous ones, in an
unlock-like fashion. There are secret places, items and bonuses at different locations that reward
players for their attention to detail and exploration. Also, there are some special behaviours of
game elements that can be discovered by experimentation.
• [ 2 ] Emotional entailment. The complete game creates an emotional experience for the player
with the aesthetics, characters, music and the story. It is completely conceived as an adventure in
an imaginary world where characters live and become “real” in some sense for the player.
• [ 1 ] Playfulness enabled. Although the game has clear goals and rules, players have room to
explore and be creative. In fact, communities of players have engaged in new challenges like the
speed-run modalities, creating new rules on top of the game. The game was not thought to be
played as a toy but players can and use it this way.
• [ 2 ] Automation. As a console game, meant to be played at home, the game is fully automated.
Feedback is immediate and all rules are enforced automatically.
According to the rubric, Super Mario Bros has an score of 2+ 2+ 2+ 1+ 2+ 1+ 2+ 2+ 1+ 2 = 17
points, which is quite reasonable for such a well known and played game.
4.2. Unsuccessful 16-Week Gamified Semester
As a more elaborated example we will apply the rubric to the Gamification study by
D. Hanus et al. [41]. A class was divided into two groups. The control group received normal lessons,
materials, assignments and exams. The experimental group was given same content than the control
group but in a standard gamified fashion including badges, leaderboards and incentive systems.
Badges were given as a reward for positive behaviours like interaction with class materials, study in
pairs in the library or handing assignments early. There also was a badge for entering lessons dressed
up like a videogame character. In addition to badges, students also earned coins for small contributions
to class discussions or sharing interesting information. Students could use coins to earn some class
benefits like extension on a paper.
Students were required to obtain some mandatory badges but coins were optional.
The leaderboard was ordered by number of badges obtained, with students using pseudonyms.
The leaderboard was updated weekly.
The description of the system is too broad, which produces a great level of noise. Therefore,
the final score from the rubric should be taken with care. Adding a big error bar to the final result is
advisable to compensate the noise. In raw application, the rubric yields these scores:
• [ 1 ] Open Decision Space. Although badges are reported as mandatory, some seem to be optional
like coins. Also students can decide how to use earned coins. However, this seems like a small set
of options with not much strategy involved.
• [ 0 ] Challenge. No description of badges seems to match with levels of difficulty or abilities
required. They are focused on behaviour. There seems to be no consideration about difficulty.
• [ 0 ] Learning by trial and error. No consideration of opportunities, number of assignments
or punishments.
• [ 1 ] Progress assessment. Number of badges earned, coins and the leaderboard give some form
of progress assessment.
• [ 1 ] Feedback. Feedback seems to come mainly from teacher and the leaderboard is updated
once a week. Therefore, feedback seems rather slow.
• [ 0 ] Randomness. Everything described in the system seems concretely specified, with no room
for surprises or random events.
• [ 0 ] Discovery. Similarly, as everything seems predefined, there is nothing to unlock or discover.
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• [ 0 ] Emotional entailment. There are no characters, no story, no aesthetics. The only content that
could be related to emotions is the badge for dressing up like a videogame character.
• [ 0 ] Playfulness enabled. Similarly, description of the system does not involve any ability to
use activities as toys or even play with strategies. Some creativity could be exhibited with the
videogame character dressing badge or in the way to expend coins.
• [ 0 ] Automation. Nothing is automated. Even badges have to be claimed by students by filling
up forms. However, the leaderboard being updated weekly can be perceived as some small form
of automation by students.
The rubric gives a final score of 3 points for this Gamification design. Even considering an
important error bar up to 100%, maximum value would be 6 points, really far from the 17 points
obtained by Super Mario Bros. It clearly appears not to be enough to induce important motivational
changes on students.
This analysis supports results obtained by D. Hanus et al. [41], who concluded that the
Gamification methods they used had no positive impact on learning and could even harm student
motivation. As the 3 points obtained are far lower compared to Super Mario Bros, a much inferior
motivational level could be expected. This result is supportive of what D. Hanus et al. found in
their study.
4.3. Single Learning Activity: Solving a Linear-Equations System
To establish a comparison with a common learning activity, we will now apply the rubric to a
linear-equations system exercise. Let us consider a trainee solving the system on paper and handing
it to the teacher. A week afterwards, the trainee receives the exercise assessed. These would be the
rubric scores:
• [ 1 ] Open Decision Space. Some minimal decisions can be considered regarding the solution
method and the order in which to perform steps.
• [ 0 ] Challenge. It is a single activity, so there is no way to match activity with ability. Difficulty
is fixed.
• [ 0 ] Learning by trial and error. While the trainee produces its solution there is no feedback,
no way to know if decisions are good or bad. Therefore, no way to cause/effect learn.
• [ 0 ] Progress assessment. The only perceivable progress would be the steps done towards the
solution but that is no form of progress assessment.
• [ 0 ] Feedback. There is no feedback response to actions and teacher feedback takes one week.
Cause/effect learning is almost impossible.
• [ 0 ] Randomness. Everything is completely predictable and there are no surprises.
• [ 0 ] Discovery. As all content is fixed, there is no unlocking or discovery at all.
• [ 0 ] Emotional entailment. There are no characters, no story, no aesthetics, no content that could
be related to emotions.
• [ 1 ] Playfulness enabled. There is some room to experiment with procedures or methods,
but very limited.
• [ 0 ] Automation. Everything is manually performed, with no automation at all and a slow
response time (one week).
This gives 2 points of final score for the learning activity in isolation. It clearly contrasts with Super
Mario Bros and shows a strong difference. Similar strong difference is usually perceived on student
motivation on these two activities. Both scores seem intuitively correlated with this general perception.
4.4. Gamified Version of the Linear-Equations Solving Activity
Now we consider a explicit gamification design created for the activity of solving linear-equations.
This activity was presented by Llorens et al. [42]: here we present a summary of the design along
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with its evaluation using the rubric. For complete details on the design please refer to Reference [42].
Basically, Llorens et al. propose these changes to the activity:
1. Create an automatic generator of linear-equation systems to present students with hundreds of
exercises instead of one.
2. Classify generated systems into 6 levels of difficulty depending on their intrinsic characteristics,
number of variables and numerical complexity.
3. Form teams during solving sessions and have rules to require teams and individuals to develop
strategies to distribute tasks and face challenges.
4. Give points to valid solutions depending on the assigned difficulty of the system.
5. Make difficulty levels unlockable and have clear unlocking rules to force them to appropriately
master levels before proceeding.
6. Have a student experience level (XP) that increases as students solve systems and successfully
resolve proposed activities. Define experience levels and use them as a measure to form teams
and unlock difficulty levels.
7. Spread the activity across many sessions and maintain points, experience and levels. Let students
evolve over the course.
8. Produce random events that interrupt sessions and change rules surprisingly. Examples:
A fleeting system that has to be solved fast, a red-code event in which students have to deactivate
a bomb or a dizzy time during which solutions have to be given inverted.
9. Define a set of achievements to give to students, including some secret ones to reward their
research or detailed abilities.
10. Automatize all the system with an application that lets students select systems , send solutions
and receive instant status reports with their mobile phones.
Let us now compare the evaluation of this gamified version to the single linear-equations system
solving activity:
• [ 1 ] Open Decision Space. Students have the freedom to define different strategies to solve tasks
and challenges based on linear-equations systems.
• [ 1 ] Challenge. There are different difficulty levels defined as progressive and linear.
• [ 2 ] Learning by trial and error. Students are limited by factors like time during sessions but not
by their mistakes. They can fail many times and continue, not limiting their final score.
• [ 2 ] Progress assessment. There are several measures like experience points, regular points, levels,
achievements and unlocked difficulties that give students great detail on their progress.
• [ 1 ] Feedback. Students receive feedback from the system with respect to their solutions and
actions. They see their progress and know if they have done right or wrong and they also can fix
their failures. Feedback is not complete and sometimes cause-effect relationships maybe diffuse.
• [ 2 ] Randomness. Systems are generated, so randomness is present most of the time in the
system. Moreover, random events are another source of purposively designed unpredictability
for students, which induces surprises.
• [ 1 ] Discovery. There is some unlockable content and some secret levels and achievements,
but design could be improved to include more surprises and learning through discovery.
• [ 1 ] Emotional entailment. Random events are based on simple stories like deactivating a bomb,
for instance. Also, time limitations and surprises target emotions but there is a lack of a general
story, some characters and appropriate aesthetics.
• [ 0 ] Playfulness enabled. There is a small subset of creativity involved in the way teams can
approach tasks, but goals are clearly defined and there is not much room for free playing outside
the rules of the system.
• [ 2 ] Automation. A mobile app with a server give a moderate level of automation and control
with minimal manual intervention required. Feedback is immediate to responses, although it
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might be not detailed or complete. However, this last part is improbable with new versions of
the app.
This gamified version of the activity gets a score of 1 + 1 + 2 + 2 + 1 + 2 + 1 + 1 + 0 + 2 = 13
points in total. Improvement over the 2 points obtained by the single activity is clear, even considering
possible variable criteria interpreting the rubric that could lead to a reduction of some points. In this
sense, the rubric also shows potential for helping practitioners to improve their designs: the proposed
design could have been made by looking at the items of the rubric and including ideas to improve
each one of them. An experience designer would probably consider the design as a whole product
instead of a separate set of characteristics. However, the set of separate characteristics is much more
easily manageable for a trainee and can easily lead to initial designs like the one proposed here.
5. Conclusions
In this paper we have presented a rubric as an instrument to help new Gamification practitioners
assessing designs. Its aim is lowering the entry barrier to get experience in game-design-based
Gamification. Experience is obtained through practice but practice without guidance is much more
difficult and frustrating. The rubric gives this guidance.
The rubric can be used to assess a given design, to analyse strengths and weaknesses and to
highlight areas for improvement. This uses are focused on helping practitioners learn and develop
experience on game-design-based Gamification.
Due to the artistic nature of Game Design, the rubric is conceived on previous experience from
authors and works from experts. The rubric itself is conceived with flexible and interpretable criteria
to fit all subtle perceptional details from games and Gamification experiences. This is both a limitation
and a strength: it cannot provide objective assessment but it allows considering emotions and player
experiences, which are key for a successful Gamification design.
As practical experience is the main basis for successful game-design-based Gamification designs,
the rubric is probably be far too simplified for experienced practitioners. This is an intended limitation,
as its focus is to help new practitioners.
Four samples of application of the rubric have been shown in two pairs: to Super Mario Bros game
and a 16-week gamified course presented by D. Hanus et al. [41] and to a linear-equations solving
exercise and a gamified version of the linear-equations solving exercise proposed by Llorens et al. [42].
The four applications yield consistent results with previous evidence and general perception. Although
much more evidence is required to assess the general validity of the rubric, this piece of evidence
encourages further testing and analysis.
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Abstract: Increasing complexity of societal questions requires participatory processes that engage
with capable participants. We adopted Horellis’ stance on participation as not an isolated event
but a constant communication between different groups that can be assured by using enabling
tools. We applied the Capability Approach to frame a capacity-building process and understand
how this framework can support a collective of entrepreneurs to become aware of their capabilities
(and the impact of an ongoing urban renewal process on these capabilities). The Capability Approach
emphasizes the personal and structural conditions that impact a person’s capability to choose—the
conditions that affect the process of determining what a person values. The paper builds on a two year
capacity-building process conducted in Genk, Belgium, and proposes a conceptual framework for
building capacities, in which the process and outputs collide with ideas of choice, ability, and opportunity,
notions central to the Capability Approach. The case study looks at one of the main commercial
streets of the city (Vennestraat) and reflects on a set of enabling artefacts used to engage proprietors
in the capacity-building process. This capacity-building process, characterized by the idea of space
and capabilities, advances a critical viewpoint on issues related to participatory processes and gives
practitioners a set of enabling tools to start a conversation over complex urban transformations,
such as the one in Vennestraat.
Keywords: capability approach; capacity building; serious games; enabling tools; mental images
1. Introduction
Societal processes are growing increasingly more complex (e.g., climate change is not only an
environmental issue but also a social one, and design for urban spaces that foster these processes
is becoming more and more people-oriented [1]. Handling these complex contexts may mean
conceptualizing design “not as the creation of discrete, intrinsically meaningful objects, but the cultural
production of new forms of practice” [2]). This translates into the need to understand the mechanisms
of ‘meaning making’ in order to support and improve building capacities [2]. This article discusses
three challenges: (1) the reality that some groups lack the opportunity to engage in such complex design
processes, (2) the growing need to strengthen their capabilities to participate in the said processes,
and (3) employing tools that can give form to citizens’ capabilities in said processes.
We address these challenges through the Vennestraat case—a main commercial street in Genk, BE,
shaped by various waves of migrant entrepreneurs that had to respond to the ever-changing economic
dynamics of the city. We discuss a project where researchers together with citizens underwent a
two-year capacity-building process via a set of enabling tools to support communicative transactions
that we refer to as enabling tools/artefacts due to their potential to develop participants skills and
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involve them into the debate on the refurbishment process of the street. We used Sen’s and Nussbaum’s
Capability Approach to underline the dynamics between the different artefacts and understand their
impact when used to fuel our capacity-building process. The concept of enabling tools is based on
Horellis’ [3] stance on participation as not an isolated event, but a constant communication between
different groups that can be assured by using different methods.
Sen’s and Nussbaum’s Capability Approach advances a framework for ‘planning, monitoring,
and evaluation of development programs’ [4] and moves past ones’ capacities and aptitudes by getting
a handle on peoples’ chances and decisions to accomplish the things they value—their capability.
‘This is where the main distinction between capacity and capabilities lies’ [4]. The Capability Approach
assumes that, without suitable chances, capacity building programs meant to advance new aptitudes
and skills, will not suffice to empower individuals to accomplish that of most importance to them.
As such, a capacity-building process should be a non-linear and essential process, grounded in
understanding space as neither a medium nor an inventory of ingredients, but a mixture of geographies,
built environment, symbolism, life practices and opportunities, interlinking each other. Through the
Capability Approach lens, a capacity-building process: (1) facilitates practices that enable ‘new forms
of collective enunciations, making sense of the sensible’ [5] and (2) transforms the design process into a
set of methods and artefacts [6,7].
This article explores the following questions: (i) (how) Can we build capabilities of diverse actors
to see and make sense of the systems they are part of? and (ii) What are the advantages of using the
Capability Approach in a capacity-building process? We answer these questions as follows: in the first
section, we discuss the Capability Approach—its mechanisms and components; in the second section,
we analyze how the capacity-building process took shape through participatory methodologies. In the
third section, we detail on which enabling tools were used. We conclude with how these artefacts
supported the process of building capabilities.
2. The Promise of the Capability Approach Framework
Trying to assess social change in the economic context of the 1980s, Amartya Sen and Martha
Nussbaum set up the premise of a new theory—the Capability Approach. The conceptual roots of
the approach trace back to Adam Smith and Karl Marx, all the way to Aristotle’s’ use of ‘life in the
sense of activity’ [8]. The Capability Approach (also dubbed the capabilities approach) centers around
different ideas on what people ‘are able to do (i.e., capable of)’ [8]. It assesses societal transformation
in terms of ‘what are people actually able to do and to be’ [8–10] in the framework of available
policies—‘opportunities people have when, and only when, policy choices put them in a position to
function effectively’ [9]. By definition, the framework concentrates on what people can do, that is,
their ability.
A central concept in the Capability Approach are ‘functionings’ “what a person manages to do or
to be” [11]. Complementarily, Alkire [12] claims that functioning/s is a general term for the activities,
resources, and attitudes that people consider as significant. They may include dignity, an educated
mind, knowledge, and warm friendship, among others. Capabilities, on the other hand, are liberties
that help people to achieve these functionings. Noteworthy, a functioning refers to achievement, while
the capability to a set of opportunities [13]. The approach is people-centered, meaning it dwells on what
they value and aspire; its principal goal is to create an enabling environment for people to achieve what
they value. While skills and abilities are crucial, the framework additionally aims at grasping choices
and opportunities to facilitate individuals to achieve their aspirations [13]. Whereas the functioning
relates to improving the abilities of individuals, capabilities, as a concept, it involves the idea of
increasing the choices available, as well as preparing people to grasp opportunities. The substantial
assumption of the Capability Approach is that, in the absence of proper opportunities and capacity
building programs, the environment is not entirely sufficient to enable people to achieve their goals.
Based on Sen’s [14] writings, the assessment of social arrangements is not entirely concerned
with choice. They are also concerned with the different aspects that convert capabilities into realized
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functionings [15]. It also emphasizes the significance of personal and structural conditions that impact
a person’s capability to choose. These conditions function as conversion elements as they affect how
choices become achievements (see Figure 1). In particular, three conversion factors influence ones’
freedoms: (1) personal features (including intelligence, metabolism, and sex) determine the choices
made by an individual; (2) social characteristics have pronounced contributions—they include social
norms, hierarchical structures, and public policies; and (3) environmental aspects, such as public goods,
climate, and infrastructure [15] (see Figure 1). Intrinsically, freedom relates to the amount of choices one
has and the actual opportunities to perform the said choices. The Capability Approach emphasizes the
personal and structural conditions that impact a person’s capability to choose—the conditions that affect
the process of determining what a person values (see Figure 1). As such, it becomes vital to consider
the characteristics to determine the propensity for bringing change rooted in individual decisions.
Figure 1. A stylized non-dynamic representation of a person’s capability set and her social personal
context [15].
‘First, personal conversion factors (e.g., metabolism, physical condition, sex, reading skills,
intelligence) influence how a person can convert the characteristics of the commodity into a functioning.
Second, social conversion factors (e.g., public policies, social norms, discriminating practices, gender roles,
societal hierarchies, power relations) and, third, environmental conversion factors (e.g., climate, geographical
location) play a role in the conversion from characteristics of the good to the individual functioning’ [15].
Thus, knowing the goods one possesses or can utilize does not suffice to understand which functionings
he/she can accomplish; we must discover more about the individual and the conditions in which
he/she lives. Citizen’s freedom and their capability in the design process stems from their abilities,
choices, opportunities and results [6,7]. The functionings—‘the doings and beings valued by citizens’,
as defined by Sen (2005), can be a result of processes shaping deliberation, participation, and
engagement [16]. A notable feature of this element is that its objective is to unpack the underlying
values related to building capacities (i.e., in order to increase the freedom one has, we need to focus
on the aforementioned conversion factors). Capacity building increases the options individuals have,
and it guides the elaboration of techniques for deliberation, which reveals, builds, and addresses the
conversion factors impacting the transformation of tactics into an achieved participatory principle.
Based on the Capability Approach, we outline three specific elements of freedom—choice, ability,
and opportunity—essential to a capacity building process. Choice is a critical element in a capacity
building process: the provision of alternatives and increasing ones’ possibilities is essential to improve
democracy among citizens and enables them to participate actively. Ability refers to (1) how individuals
engage in the deliberation process and (2) their relationship with different actors involved in this
process (e.g., professionals-architects, engineers; policymakers). It equally relates to their capacities to
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appropriate diverse design decisions, like urban interventions. Opportunity stems from social, political,
and economic processes that shape citizens freedoms. It requires engagement in the deliberation phase
of the capacity building process. In process freedom, it is necessary to investigate ones’ stance to
understand if they have assumed the role of partners, informants, or actors of change in the process to
assess the effectiveness of participation. Additionally, implementing a project in a specific area is the
surest way of determining the propensity for expansion or a change in policymaking.
We propose a conceptual framework for building capacities by using three enabling tools
(i.e., participatory mapping, mental images and serious games), in a process structured around the
main ideas of freedom—choice, ability, and opportunity—notions central to the Capability Approach.
The literature review exposes the need for understanding the conversion factors an individual has
when designing for “a dynamic multiplicity, in which city-making envisages and is organized as
an inclusive and responsive process” [17]. This capacity-building framework, framed by the idea
of space and capabilities gives a set of enabling tools to practitioners that deal with complex urban
transformation projects at different scales.
In order to increase the freedom of a person, he/she needs to get an understanding of his/hers
conversion factors (and the elements that frame it). As individuals are prone to suffer from system
blindness [18], we embark in the endeavor of assisting them to make sense of the systems they are
part of. Given the complexity of this system, the process of ‘making things visible’ needs to be a
collective process—a process during which a variety of people discuss (1) the elements that block or
support them in achieving their needs and aspirations and (2) each others’ roles in the said process.
In this paper, we explore how we can support this collective process, based on Horellis’ [3] stance,
and that it requires enabling tools/artefacts. As such, we use playful environments (i.e., participatory
mapping), gamified enquiries (i.e., mental images), and serious games as enabling tools to (1) support
conversations between different (groups of) actors about complex topics, such as urban renewal projects,
and (2) uncover the tacit knowledge and shared learning embedded in local networks, critical to
trace and understand ecosystem dynamics at urban scale [19,20]. We define enabling tools by linking
them with the concept of participation as described by Pelle Ehn [21]: artefacts/methods that create
meeting points between language games of people with each their expertise. Enabling tools/artefacts
are ‘formatted spaces of participation’ [22] in that they are technologically, socially, and economically
pre-structured interfaces via which citizens can perform certain actions. That implies that, while the
experience of capacity-building processes can turn out to be progressively available for the difficult
to-arrive at groups and can assist members with articulating their dreams and wants, it will consistently
be in the arrangement directed by the specific artefact used in that situation. The strain between the
given structure of the capacity-building process and its steady redefinition by the act of participation
will be constant. We use games as structured enabling tools, complemented by very open ones
(i.e., mental images, participatory mapping). We need such tools to support people in the endeavour
of understanding their conversion factors and, thus, their freedoms.
The contribution we are aiming at is operational and theoretical: we situate a capacity-building
process as a design part of a broader participatory process. In what follows, we present and unpack
our reasoning: we first look into the context and how we have built our reasoning when designing the
capacity-building process. We do so through different enabling tools (e.g., serious games, participatory
mapping, mapping mental images, and interviews) used to (1) learn about the social, political and
economic reality of the context, (2) support people to make sense of the systems they are part of,
and (3) understand the potential and limitations of each artefact. Finally, we tie everything together by
framing the capacity-building process via a set of effective and consistent participatory methodologies.
3. The Context
Genk’s development has always been related to work intensive industrial activities [23]
relying on mining, until the 1980s and, later on, on car manufacturing, namely Ford Automotive.
However, the closing of the coal mines in the mid-1980s, followed by the closure of Ford industries
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(2014), tempered the city’s economic development. As a reaction to the two main economic shifts,
the closure of both mining and car industries, the city of Genk decided to change its development
strategy and invested in (1) cultural-, research-, and art-related infrastructures and (2) developing
circular economy principles and logistics. The city drafted a new project for the former coal mine and
transformed it into a cultural hub, C-mine, where C stands for creativity. C-mine was established on
the old mining site reviving the existing buildings. The municipality has owned the complex since
2001. As a second measure, to combat the consequences of the closure of the car factory in 2014,
the government drafted the SALK plan (Strategic Action Plan) to make the city competitive again.
The plan describes a series of measures designed to provide 3000 jobs in the short-term and 10,000 jobs
in the long-term, with an implementation period from 2013 to 2019.
Vennestraat, a well-known shopping street, is one of Genk’s main commercial streets which met its
significant growth at the time of the coal mine. After the mine closed, the street started to decay. It was
shaped by different waves of entrepreneurs over the years, starting with a majority of Turks, followed
by Italians, making way to a multicultural mix of proprietors today. Fueled by the arrival of C-mine in
its immediate vicinity, Vennestraat experienced gradual upgrades in the past decade. C-mine became a
cultural and tourist attraction, creating a positive spiral of more businesses and new art galleries that
settled in the street. In 2010, the municipality initiated a participatory process of refurbishing the street
(Genk’s spatial-economic vision, 2010). The process was completed halfway through 2014. Adding
to the general ‘refresher’ and beautification of the street, the city built up Vennestraats’ image as the
‘street of the senses’ (Genk’s spatial-economic vision, 2010). The idea behind it was to underline the
fascinating mix of multicultural catering establishments and shops in the street. More broadly, the city
has promoted trade and catering as an asset deployment via a ‘max of the mix’ marketing strategy
based on the multi-‘culinarity’ of the street [23]. When the refurbishment of the street started, in 2010, 28
shops from a total of 68 were empty. At the moment, there are 76 commercial shops and, an additional
one or two available/free spaces—a high occupancy level for such a street [24]. This process was led by
the municipality, which established a committee responsible for the image of the commercial street.
The committee was formed from representatives of the economic, urban development, and social
integration departments and set the leading directions of the refurbishment of the street. This approach
further shaped Vennestraat as the main HORECA street of Genk. The first action to be implemented
in order to reinvent the street was the Saturday fresh market (in the summer of 2010). The market
attracted people in the area, acting as a promoter for the small proprietors. A total renovation of the
street, placing urban furniture and greenery followed (works on the street were completed in 2012).
The assigned committee developed the aforementioned projects with little to no involvement of the
shop owners. The committee organized a call for projects for a vision for the street. The call asked
for shop signs, window fronts, and terrace designs, as well as a marketing strategy for Vennestraat
(Call for Ideas, 2012). The winning team had to develop, along with the committee, a ‘glossary of good
practices of interior and graphic designs’ to later show proprietors and help them upgrade/update
their shops. The objective was clear: a common language for all the shops on the street. In parallel,
different actions were organized, by the same committee, to link the street with C-mine and fade out
the hierarchy between the two. While C-mine was becoming a strong cultural attractor, Vennestraat
would thrive, too. The strategy would benefit both: people that would visit C-mine would pass by
Vennestraat, and vice versa. The two function as a ‘gastro-cultural’ mechanisms in a symbiotic manner.
Even though this approach managed to resuscitate the street, with an impact at both the neighborhood
and city scale, the participatory process put forward by the municipality created a robust gentrification
process. Renting prices rocketed, and smaller proprietors were pushed out—7 small businesses, from
the initial 28 when the refurbishment started, had to change location as they could no longer afford
renting a space on Vennestraat.
In the new refurbishment dynamic, shop owners have to follow the direction of the committee
in most matters of the shop (i.e., the signs on the window front, the graphics of the menu, the way
the window front is displayed). Proprietors organized in an association; this, too, was established at
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the idea of the municipality. Albeit they run each decision that affects proprietors by this association,
the final decision goes to the committee. When a shop owner has a new idea or intent to do something
with their shop, he or she has to consult with the committee. If the idea is in line with the overall
strategy (the one developed by the municipality and the winning team), the committee will approve.
If not, it will be subject to change to fit in the predefined discourse. This is likely to exclude one’s skills
and freedoms in a time when designing for cities is becoming more and more people-orientated. It is
this gap that the Capability Approach covers—the framework focuses on both skills and structures
and, as such, we use it to (1) develop a framework of analysis to understand the impact of enabling
tools on the participation of entrepreneurs in a design process and (2) research how this ‘gentrification
process’ increased the ‘freedom’ of entrepreneurs to perform the actions that they value versus the
perspective of the municipality: how free should these entrepreneurs be (given that there are also other
actors with other values and needs involved in the process)?
4. Mapping the Invisible: A Capacity Building Process
In what follows, we adopt Horellis’ [3] stance on participation as not an isolated event but a
constant communication between different groups that can be assured by using different methods.
We apply the Capability Approach to frame a capacity-building process and understand how this
framework can support a collective of entrepreneurs to become aware of their capabilities (and the
impact of an ongoing urban renewal process on these capabilities).
When addressing complex urban projects, such as the refurbishment of the Vennestraat street,
Genks’ main economic ecosystem, the variety of stakeholders that is required has a direct impact on
the quality of the project, the budget and the power to speed it up or slow it down [25]. In order to
engage in a debate with these stakeholders on the given complex societal processes, we use a variety
of enabling tools to support a communicative transaction between the parties involved. As stated
previously, we frame enabling tools within Horellis’ [3] description, as methodologies that support
constant dialogue and knowledge exchange between different (groups of) actors.
To better understand local dynamics and methodologies used as enablers of dialogue between
different actors, we turned to professionals and practitioners interviews as a first step of the
capacity-building process. The preliminary research phase targeted existing methods used to
engage entrepreneurs in a debate and support dialogue between stakeholders. Over three months,
we conducted a set of thirteen interviews in two steps: (1) an online questionnaire (see Appendix A)
set out to introduce researchers to the interviewees, and vice versa, and (2) semi-structured one-to-one
interviews (see Appendix B), during which we further detailed on the particularities of the existing
enabling tools and their success a/o limitations. We discussed with ten professionals that use
participatory methodologies to support various local projects initiated by Genk’s municipality a/o
bottom-up initiatives on Vennestraat. Additionally, three representatives of the local administration
office were interviewed to get a grasp on the officials’ stand regarding the use of various enablers
of engagement and knowledge transfer. Questions from the interviews were structured around five
main topics: (1) the content of the participatory processes, (2) participatory methods used, (3) who
coordinates the said processes, (4) who takes part in the processes, and (5) implementation/impact.
Interviews with city representatives disclose a complex administrative structure responsible for
assuring a dialogue between civil society and officials. This structure—the Neighborhood Management
Department—was established over two decades ago, as a way to address segregation, crime,
and inequality in the city by involving people in the decision-making process. Each neighborhood was
appointed a manager (wijk manager). The managers’ responsibility is to know what is happening in
each neighborhood and keep in touch with the people that live there and inform them about future
projects and intensions that the administration has for that specific area, and vice-versa: inform the
municipality about people’s needs, interests, and desires regarding the environment they live in, as well
as about their opinions related to the different proposals made. Neighborhood managers use different
168
Informatics 2020, 7, 7
methodologies to involve people in this process (e.g., flyers, brainstorm techniques, but mostly through
direct dialogue where people are informed about the date and the place when a debate will take place).
Practitioners’ interviews outline a somewhat different angle on the methods used to engage with
locals. They stress political, technical, and critical factors when addressing the dialogue between
actors: political factors—the belief that people have the right to participate in processes of urban
transformations and expecting that there is some power shifting going on between stakeholders;
technical and aesthetical factors—the belief that the spatial solutions that come from these processes
could be both aesthetically and technically more challenging and surprising because there is often
the belief that all expertise lies in a designer’s hands; the critical factor—confronting yourself as a
professional with different people you come to engage in a critical debate.
As observed in Table 1, the enabling tools applied so far are focussing on customary and set up
strategies that the facilitators are comfortable with: various brainstorm techniques, focus groups and
workshops and information meetings. The methods are lined up with the span of the process that
range from a few single gatherings to processes that are engaging several months (and sometimes
more). These methods and tools can be composed in five general categories:
• Tools for surveying and mapping the existing situation (e.g., social media monitoring, face-to-face
surveys).
• Tools for providing information about the progress of the project under the form of one way
communication (e.g., via social media, the local press, policy documents and reports).
• Tools for collecting knowledge and gathering feedback through discussion about existing plans for
the refurbishment of the street (e.g., neighborhood manager meetings with focus groups, workshops).
• Productive tools—tools that allow for proposing alternative solutions (co-design workshops).
• Decision-making tools allowing proprietors to vote on project proposals.
In order to support entrepreneurs in understanding their capabilities and the impact projects may
have on these capabilities, we propose a set of three enabling artefacts that would support choice, ability,
and opportunity. Table 2 illustrates how the Capability Approach language shaped the capacity-building
process using the three different artefacts.
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4.1. Participatory Mapping
The way people choose to portray their networks can take form in creative methods, such as
hand drawn maps of social connections, or ‘relational maps’ [26]. These maps establish new ways
of social networking examination and improve the comprehension upon the way people choose
to display their networks [23]. Bagnoli [26] did such an experiment by offering participants pen
and paper and later asking them to portray meaningful relationships by placing themselves in the
middle of the map and taking into consideration that the distance from the center to each connection
showed the strength of that particular connection. As such, she allowed participants to build personal
representations in their own ways, providing ‘basic scaffolding’ [27]. Roseneil [28] conducted similar
research and asked participants during interviews to create relational maps. They were to place their
social connections into concentric circles. Here, too, the distance from the center showed the degree
of importance of that particular connection. The work of Roseneil [28] is mostly in the therapeutic
psychology field (psychosocial dynamics), but there are several analogous objectives, with participants
asked to build visual patterns to illustrate their relationships, all with the aim of reaching hidden
understandings [23]. Following Ingold’s [29] correspondence, we proposed a participatory mapping
activity asking proprietors to engage with physical materials (e.g., rubbers and pins) and arrange them
into correspondence with one another.
4.1.1. Setting
We led a six-month immersive, participatory mapping activity with proprietors from Vennestraat,
shop owners that have their businesses on the commercial street. The main interest here was to identify
the ‘socio-environmental conversion factors’. This participatory mapping exercise provided us with the
lens to disclose a detailed landscape of the socio-economic dynamics in Vennestraat. On an operational
level, we integrated a visualization tool in a mapping activity to (1) support people in illustrating their
networks and the aspects they want to show and (2) to analyze the potential of their connections to
shape the urban space and the dynamics on the street [23]. Sensitive to the tensions revealed in the
interviews, we organized individual sessions with each proprietor to create the perfect environment
where different dynamics may surface. Each shop owner was asked to create a visual portrait of the
socio-environment (in this case economic) network of his/her commercial space using an A3 foam
board, rubber bands, and pins (Figure 2). The pins represent different individuals a/o other shops,
while the rubber bands represent the connections the author of the map has with them. The rubber
band assists the author to visualize the relation he/she has with the rest of the ‘actors’: the longer the
distance between pins, the more detached the relation.
174
Informatics 2020, 7, 7
Figure 2. Visual portraits.
4.1.2. Benefits
This type of process interacts in a language that stems engagement regardless of a person’s
background and allowed us to enable participation of different shop owners to visualize, reflect,
and take action over their data. In relation to the overall goal of supporting the capacity-building
process, the participatory mapping exercise incentivized reflections on the ability of entrepreneurs
to identify their networks guided by the question of (how) can the capabilities and ties of each proprietor
be identified, enhanced and later used to feed a participatory process? These exercises made visible certain
freedoms proprietors have: the freedom to choose shops they want to collaborate with, freedom to
choose their providers, and freedom to choose the merchandise they want to see. The activity revealed
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hidden dynamics of networks and ties shop owners were not necessarily aware of, such as an overall
link on how shops function at the street level.
4.2. Mental Images
We conducted this artefact-centred description by introducing mental images as an answer to
the following operational question: (How) can we capture appropriate social narratives as data providers
in developing a capacity-building process? Lynch [30] advanced three components that are critical for
the analysis of mental images. They include identity, structure, and meaning. Identity involves the
extent by which an object or space can be recognized as different from others, as a separate entity.
Structure involves the spatial or pattern distinction which an object or space has to other observers or
objects. Meaning refers to the practical and emotional sentiment that an individual has for space or
an object. Mental images seize people’s ‘personal conversion factors’, as described by Robeyns [15],
and become important for they develop into mental maps that capture people’s perception of their
surroundings [30–33].
Mental maps are requisite in the context of urban identity formation, which is, in part, representative
of one’s valuation of a places’ cultural significance. Fundamentally, mental maps may be formed either
through direct or indirect experiences. However, it is essential to acknowledge that the quality of
one’s visualization about a particular urban space could be distorted if one solely depends on indirect
experiences. For instance, media coverage about an event could affect one’s perception. Consequently,
the likelihood of forming a distorted image increases and therefore undermines the cultural, social,
political, or even geographical significance of the urban space in question. Thus, it becomes imperative
for individuals to acknowledge that mental maps become more complex over time due to the
incorporation of information derived from both direct and indirect experiences. In this case, the image
or reputation of urban spaces is best defined through direct experiences, which are quintessential in
the development of an impartial evaluation of an urban area.
4.2.1. Setting
For six months, we gathered mental images people have about the street, interviewing more
than 120 people (passers-by, residents, and shop owners). We asked participants to portray the most
treasured memories they have about Vennestraat, iconic moments a/o places on the street, and reasons
they have to return over and over again to this space. The discussion was structured around six main
guiding questions: (1) How would you describe the street to someone who doesn’t know it? what are
the key characteristics? (2) What is the story of the street: anything changed in time? (do you remember
stories /events, anecdotes about the street?), (3) Which are the most important shops (on the street) for
you, in your eyes, and why? (4) What do you like? What do you dislike about the street?, and (5) What
would you like to see happen in the future? As with the participatory mapping, we used an interactive
participatory method. We gave each participant a cardboard contour through which he/she could
look at the places they were talking about and ‘frame’ them as a mental image (Figure 3). The given
definition of a mental image is that it “[ . . . ] is a unique, personal and selective representation of
reality” [34]). Based on this definition, it becomes evident that the images are purposed to project an
individuals’ understanding or interpretation of the significance of a specific urban space. As such,
collective mental images may hinder an individual to achieve its dreams when these dreams do not
comply with the collective image. The use of these mental images is significant to recognize crucial
information for the capacity-building process, data that would have not been otherwise revealed, such
as the way Vennestraat street is perceived, based on ones’ either objective or subjective experience.
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Figure 3. Mental images.
4.2.2. Benefits
As far as the perception of Vennestraat is concerned, the complexity of mental images is yet another
key insight. The selective representation of proprietors predicates the implied meaning and significance
of this street. The role that direct and indirect experiences played in helping individuals form an
image of the Vennestraat demonstrates that valuation is largely volatile. Therefore, personal values
and experiences transcend the implied or intended effect of this space. Individuals’ experiences might
bring about an effect different from that anticipated. Hence, via the use of mental images, the effect of
variations in proprietors’ understanding and recognition of ‘carriers’ of identity and psychological
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boundaries, alongside other typical characteristics of the street, are made visible. Despite the influence
of shop owners’ unique perception of urban landscape, mental images are a reliable instrument for the
capacity-building process. Through mental mapping, insight were acquired in terms of identifying the
more collective carriers of urban identity, alongside the general functioning of the street for particular
groups. The functioning of the street is limited in that it applies for those proprietors who have similar
characteristics. For instance, an area’s representation of a group’s identity is relative to their collective
understanding of the carriers of the foresaid aspect. Therefore, while proprietors construct their own
images based on their experiences, mapping these mental images allows for identification of points
of convergence and divergence in entrepreneurs’ expectations. Mental images are, in themselves, a
selective instrument in that they seeks to single out urban elements that play an important role in the
capacity-building process.
4.3. Serious Games
Advocates of participatory approaches to planning processes emphasize the potential of the game
technique to augment lays’ people contribution to research, ease the process of learning, bring about
change, guarantee that the methods used are adjusted to people’s needs, and eliminate ‘designer
subjectivity’ [35–37]. Serious games are employed within the field of urban planning and policy ever
since the 1950s [38,39]. The number of serious games and applications addressing urban matters is
continually growing [25]. Serious games and applications came to cover a broad range of themes:
serious gaming as a critical thinking mechanism that can assist people in thinking a future development
for their cities or find alternatives to known issues [40], games as means to involve citizens in
urban matters like sustainable development [41], games as platforms that engage individuals in city
planning [42], games as catalysts in building/strengthening communities and creating interactions,
and games as means to turn playful experiences into significant memories [43]. Serious games can be
one efficient method used in participatory planning as environments that present a simplified version
of the spatial transformation processes taking place in ones’ surrounding, environments that foster
cooperation and understanding [44]. They foster active participation and collaboration with citizens
in order to address urban issues and make the transition to a smooth implementation of studied
solutions [41,42,44]. Consequently, serious games are safe mediums where people experience and test
these transition processes via various scenarios with no real-life consequence. As such, we advanced
two serious games (i.e., Floating City and City Makers) to support collaboration and knowledge
transfer among the different actors involved in the project of refurbishing Vennestraat street.
4.3.1. Floating City
Floating City is a game-based brainstorming, discussion, and problem-solving activity for small
groups. It aims to foster positive thinking, the commonality between participants, and provide a
motivating structure for discussions that involves all participants. The game is a digital one (Figure 4).
Such games are routinely used to help groups quickly in assigning values and develop hierarchies
among these values for a project a/o product or service without getting too caught up with the negativity
typically associated with voicing complaints. In Floating City, a specific topic serves as a focus for
collective reflection activities. The process of knowledge production by itself, and especially when there
is involvement of people in a gathering, becomes a form of mobilization [45]. The mobilization leads
to the development of new solutions and actions that are identified, tested, and retested to evaluate
their significance in solving particular pitfalls that human beings experience in their day-to-day lives.
Knowledge has to be embedded in the cycles involving action-reflection-action over some time [45].
Floating City nurtures the stated process, the nature of action can be made deeper, and thus moves
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Figure 4. Floating City.
Setting: We proposed the game to the representatives of the shop association of Vennestraat in its
predefined format, the format developed based on the initial findings. We introduced the game to the
community as an artefact that can foster action, an action that each proprietor can take regarding the
streets’ refurbishment. The end goal of the game from the perspective of the capacity-building process,
as a popular activity, is to communicate new ideas and information to people, as well as identifying
common values, goals and shared dreams.
Playtests: The game was tested three times over four months. The first playtest session had
two participants: one representative of the shops association and the street manager. Participants
found the digital prototype easy to use and expressed excitement at the possibility of the rest of the
community in using it. The first trial was organized in order to acquaint them with the format and
methodology. With the help of the street manager, we organized a second playtest, this time only with
representatives of the association. All five representatives took part, and the prototype was again well
received. Participants found it very simple, with unpretentious graphics that can explain the topic
at hand bluntly. A debriefing moment followed the playtest session and was concerned more with
the applicability of the game prototype in the daily communication between proprietors, as well as
between them and the street manager. The third trial was organized with three of the most active
entrepreneurs from the association that take a leading role in the decision-making process. All playtests
concluded that such a methodology could ease their communication on given projects and initiatives
on the street; however, they would prefer it to be more under the format of an app that one could use
at any time from any place, rather than a game that requires people to be in the same room at the
same time.
Benefits: The proposed game structures the brainstorming process and provides democratic
mechanisms for sharing and evaluating the ideas of others. It promotes reflection as an individual
and as a group and reinforces the identification of shared beliefs. Floating City fosters discussion
and problem-solving activity for small groups, positive thinking, commonality between participants,
and provides a motivating structure for discussions that involves all participants. Using Floating City
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as a participatory artefact in the capacity-building process shed light on the individual and collective
capacities of entrepreneurs, as well as their values, and opened the debate on the opportunities and
choices they have to reach certain freedoms. These freedoms revolved around the window fronts of
their shops and the relation with the outside space of the street, what are proprietors wishes, how can
they act to implement them, and what is their role in the planning process of these spaces.
4.3.2. City Makers
City Makers is a combined board and card game that focuses on the activation of participants to
improve the liveability of their neighborhood or city. This card based game has one simple idea at its
core—present projects as a set of steps that people need to collect resources for. By doing so, players
will learn about the different resources needed for particular projects happening in the city (Figure 5).
The game adapts abstract terms, such as material, permit, and location as resources, which players
obtain in the form of cards. Each player receives a project that they need to finish to acquire points.
For example, to start a business one might need to have a budget, idea, location, and people to work
with. Players can work with or against each other to earn credits by completing projects, investing in
each other’s projects, or investing in community projects. The player who gains ten points first wins the
game. Freire [46] argues that the expression of voices through forms, such as consultation, may lead
to the reduction of the awareness that is required to introduce and sustain change in the community.
Action alone may bring about the blind action, which may not present the best course of action to get
the desired change in the various situations affecting individuals in any given society [46]. The best
action, thus, is the one that takes the course of building self-conscious awareness that is coupled with the
analysis of the individual’s reality. City Makers can act as a medium for participatory action supporting
processes that involve reflection, learning, and development of critical consciousness (Table 4).
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Setting: After introducing Floating City to the group, we proposed City Makers as a follow-up
game that will incorporate ideas gathered from the brainstorming activity under the form of projects and
further detail on these projects. The game proposed clear projects, from parking area for Vennestraat,
less parking spaces on the street, larger sidewalks, and more sitting spots for visitors on the street,
to more abstract ones (e.g., a greener Vennestraat street, how to make the shopping street more
attractive, how to maintain its charisma).
Playtests: City Makers was played twice over one month. As with Floating City, we first
introduced the game to the street manager and one of the association representatives. It was
immediately labeled as a complicated activity and a type of game that only association and city
administration representatives could play as it would be too complex for the other shop owners.
The first test revolved around how to translate ideas from Floating City to City Makers, the games’
mechanics, and narrative. Concerns on the lengthy process the game brings to the table were
underlined; participants were reserved regarding the timeframe of the workshop. The second playtest
was organized with four association members. Each test took about 30 to 40 min, with 15 min
for debriefing. Emergent game situations were observed, and proprietors started roleplaying and
established alliances. Shop owners formed strategies depending on the available projects, resources,
and emergent social dynamics. Participants traded with each other constantly and invested in other
projects more than in their own, with the goal to obtain additional points when other players succeed.
The game proved to be equally fun and motivating, and proprietors adapted metaphors used for the
resource cards (e.g., people, time, money) to envision fun scenarios where they would be the main
actors responsible for one of the resources. They would then develop a storyline where a particular
type of exchange would take place and detail on the impact of their imagined actions. At the end of
the game, the shop owners were asked to customize a project of their own with available resources.
By motivating them to reflect within the constraints of the game setting, they link the process and
understand the necessary steps in their real-world projects.
Benefits: The game fosters reflection on the steps needed to take in real life projects by motivating
players to think within the constraints of the game. Herein lies the learning aspect of the game—through
the abstraction of resources and social interactions, players attain certain ideas about how this can
work in real-life scenarios. For the capacity-building process, this particular game brought about
interpersonal communication, allowing a/o forcing participants to verbalize and, therefore, more
profoundly concern themselves with the projects proposed for the street, their beliefs, and ideas, as
well as those from others. Proprietors built capacities to better understand the choices available and
necessary steps needed for a specific intervention, as well as the opportunities and abilities they have
to participate in implementing these projects.
We would like to acknowledge the small size of the sample during the game session—a total of
five play tests ranging from two to five participants per session. However, this does not undermine
reported experiential evidence, as it is not structured scientific data. As such, we invite other authors
to experiment with this tool and benefit from its versatility.
5. Conclusions
The capacity-building process is a non-linear procedure acting as a medium that interlinks spaces
(geographies) and reveals choices, abilities and opportunities relating to Sen’s and Nussbaum’s notions
of freedom. Building capacities for proprietors that will, later on, create the space of the Vennestraat
street greets principles outlined by the Capability Approach framework. Ranciere and Corcoran [47]
too, strengthen the nature of the capacity-building process as they claim that conceiving a design is not
an imposed form. Instead, it is a set of artefacts and practices that result in different relations based
on speculative thinking and time. We conclude with the evaluation of the enabling tools used in the
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Oosterlaken and Hoven [7] consider participation a design issue, as opposed to being theoretical.
In other words, we, as researchers a/o practitioners, ought to consider the capability concept in a
speculative term, instead of a normative expression. Latour [48] links norms with the capability
space because they stem from the movement of things from “objects” to “matters of concern”.
As “matters of concern”, associates with building arguments for intervention that respond to the
speculative, productive, and innovative potentialities. The participatory mapping exercise revealed
proprietors networks and supported shop owners in understanding the potential these networks have
in shaping the urban space that influences their daily routine. While picturing their mental images,
participants capture their perception of the surrounding environment seizing their conversion factors).
Complementary to the first two, serious games, even when used in a limited setting, supported
interaction among participants and presented the refurbishment process of Vennenstraat in a simplified
manner. As such, the different enabling tools (i.e., participatory mapping, mental images, and serious
games), engaged in the process of building capacities among proprietors, allowed participants and
researchers to grasp the overall institutional setting that influences the transformation factors and
one’s capabilities in the given context.
This article is a plea for an active inclusion, acknowledgement, and development of capabilities in
complex participatory projects among different stakeholders and provides researchers and practitioners
alike with a set of artefacts to help engage in said processes. Equally, the article is a shy invitation
to start a dialogue on capabilities, considering that the classification presented above is based on a
specific context and topic, leaving numerous dimensions of the tools un(der)addressed. We would like
to underline the exploratory nature of the capacity building process and encourage other authors to
build on such preliminary exploration to gather more evidence and formal results/analyses to deepen
the understanding of how proposed ideas work. We invite the readers to experiment with enabling
tools to support collectives in understanding the systems that block a/o support their freedoms and
understand how they are part of this system and may also block a/o support the freedoms of others.
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Appendix A. Online Questionnaire
Participatory Processes in Planning
1. Through your professional occupation, in how many participatory projects were you involved in
the last five years?
2. In which field do the projects you are involved with, include participatory processes?
3. Which social groups are over-, underrepresented, or completely missing from the participatory
process?
4. Which gender groups are over-, underrepresented or completely missing from the participatory
process?
5. Which age groups are over-, underrepresented, or completely missing from the participatory process?
6. How are participation processes initiated?
7. How much influence do the participants have on setting the rules of the participatory processes
8. What’s the average duration of participation projects?
9. What’s the type of events employed in participation projects?
10. What kind of tools are employed the most in these participatory processes?
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Appendix B. Semi-Structured Interview
Introductory questions:
0. Can you briefly explain the aim and goals of your organization and your position?
0. What kind of experience do you have with participatory processes?
0. How do you personally participate? What is your role in the participatory process?
Participatory Processes and Planning:
1. In which areas you consider important to use participation?
• What are the goals of actor involvement in the framework of this particular project?
• Can you describe the participation processes in the projects?
• Which tool(s) did you find as being most productive in terms of the process and quality of
outcome? Why/How?
• What is your motivation for using participatory processes?
• What are your expectations?
2. How are people selected or invited to participate? How can and how does one join in?
• What are the incentives for e.g., private persons, who take part in these processes over a period
of time?
• How do you reach out to potential participants?
3. Can you describe the participatory process that you are using?
• When does the process stop? How do you know, when it’s finished?
• When do people drop out, and who is dropping out of the process?
• Why in your opinion people stop participating?
4. What kind of rules are governing the participation process?
• Who decides on rules? Can they be changed?
• Are participants generally accepting and playing by rules?
• Do participants bend, ignore or break the rules?
5. How do you deal with conflict and power relations that are inherent in the participation process?
How do you deal with the power conflict between the formal inviting organization and
the participants?
• Which kind of conflicts surface during a participation process?
• How do you deal with power differentials within the group?
• How do you deal with knowledge and time availability differentials within the group?
• How do you deal with people who obstruct the process? (e.g., By bullying other participants,
hampering or screaming?)
6. What are results or outcomes of the projects?
• How satisfied are you with the outcomes? Did they match your expectations?
• How much influence do existing participatory processes have on actual planning policies or plans?
• How do you manage expectations on the part of participants?
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